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What’s causing the swing 
to that new UNITRODE nipple? 


Its partial pitch impregnation 

strengthens the electrode joint, improves 
operating efficiency. We're getting 
performance data from Great Lakes Carbon! 


ELECTRODE 


eGLCg GREAT LAKES CARBON CORPORATION 
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This issue of JOURNAL OF METALS is in Two Sections 
| Magazine 2 Transactions Section 

Published to provide ao continu- 

ing, authoritative, and up-to- 

date record of technological, Al 

engineering, and economic prog- 

ress in all branches of the industry by the Met 

allurgical Society, American Institute of Min 


ing, Metallurgical, and Petroleum Engineers, COVER 
Inc., 29 West 39th Street, New York 18, N. Y. 
7 A seventeenth century charcoal furnace, plus other symbols representing the progress 
f 300 years, call attention to the second part of “Blast Furnace USA,” which appears 
s on p. 957. Original etching by E. W. Hale; cover by Irene Trivas 
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Dr. R. C. Sangster 
Director of Materials 
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6000 LEMMON AVE DALLAS 9%, TEXAS 
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PERSONNEL 


if HE following employment items are made 


available to AIME members on a non’ 


profit basis by the Engineering Societies Per 
sonnel Service, Inc. (Agency) operating in 
cooperation with the Four Founder Societies 
Local offices of the Personnel Service are at 
8 W. 40th St, New York 18, 100 Farnsworth 
Ave, Detroit, 57 Post St., San Francisco; 84 
E. Randolph St, Chicago |. Applicants should 
address all mail to the proper key numbers in 
care of the New York office and include 6c 
in stamps for forwarding and returning appli 
cation. The applicant agrees, if placed in a 
position by means of the Service, to pay the 
placement fee listed by the Service. AIME 
members may secure a weekly bulletin of 
positions available for $3.50 a quarter, $12 a 
year 


MEN AVAILABLE—— 


Metallurgist or Assistant Superin- 


tendent, 1.5. in metallurgy, 38, mar 
ried, two children. Seven yea! ex 
perience testing and instrument 

ork, all phases of copper smelting 
bismuth and silver production, silver 


electrical precipi 
Spanish and 
Me Cuba 


POSITIONS OPEN 


metallurgi 


Mill Engineer, youn; 
cal praduate vith two years experi 
i hydrometallurgy eyanida 
tion experience acceptable Salary 


$5000 to $7200 a year. Acid leach and 
employed in 

Extraction 
utilizing 


ion exchange vill be 
concentratl 


vill be by roon 


proce 
ind-pillas 


METALLURGICAL of CHEMICAL 
ENGINEER 


Gilbert Wermert 
The American Metal Company, Ltd 
61 Broadway, New York 6, N.Y 


CRUCIBLE STEEL COMPANY OF 
AMERICA 


METALLURGIST 


Additional classified advertis- ¢ 
ing appears on pages 944, 945, | 


948, 1004, and 1005. 


three-boom jumbo 15-ton shuttle 
car, and probably Joy continuou 
loader Low rental housing provid 
hospitalization 
effect 


ed adjacent to mune 
pian in 


F5048(d) 


ind insurance Loca 


tion, Canada 


Metallurgist, graduate or equiva 
experience Experience in 
including atmosphere 


Salary, com 


lent in 
heat treating 
heat treating nece ary 
with experience and 
Location, East. W48é61 


mensurate 
training 


Recent Graduate Engineers, chem 


ical or metallurgical (nonferrous), 


for work with instrument company 


Location, Texas. W5043-C 
Teaching Personnel, for depart 
ment of metallurgy. a) Instructor or 


j tant Prote or prele rably a 
young recent Ph.D. or M » b) A O- 


eiate Professor o7 Professor, to head 
department of metallurgy within a 
eal time. Prefer Ph.D will con- 


ider an M.S. Must have demonstrat 
ed teaching ability and leadership 
Interested in chemical engineering 
yraduates with some experience and 
interest in a chemical engineering 
approach to metallurgy, a well a 
from graduates in metallurgy. Loca- 


tion, West. W5041 


Metallurgist and Welding Engi 
neer, (#35), vraduate me tallurgist 
or metallurgical engineer, with five 
to ten years experience in the in 
vestigation and tudy of present 
and potential future appli 
to met 


problen 


cations in matters pertaining 


and welding problem of 


Salary. to $9600 a yea! Lo 


allurgy 


product 


cation, New York State. W5036(c) 
Metallurgical Engineer, (41569 
Mfz.). BS. in metallurgical engi 


or BS. in mechanical engi 


neering, with four years experience 
in design and/or research work; will 
be responsible for the creation, de 
velopment, demonstration and ap 
plication of new and existing metal 
application of 


to new and pre 


forming 
these new processt 
ently used alloy 


proce ‘ 


conduct basic and 


page 1004 


(Continued o7 


THORIUM 


High Purity-Crystal-Bar 


Crystal-bar thorium of the highest purity 
now obtainable is avoilable from Metal 
Hydrides Incorporated A product of the 
van Arkel-de Boer process, quality is typ: 
cal of crystal-bar metal Oxygen ts less 
than 50 PPM. nitrogen less than 20 PPM 
and carbon less than 40 PPM. Most metals 
below 2 PPM or not detectable, the excep 
tions being aluminum less than 20 PPM 
iron approximately 30 PPM, and copper 
less than 20 PPM 


Metal Hydrides Incorporated 
Congress Street 
Beverly, Massachusetts 


and pold refinit 
tatior unit Spe 
‘ French. Prefer U 
M-163-782-San Francisco 
| 
er 
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Destination: 


Leadership 


Every week, scientists and engi- 
neers from all over the country 
arrive at Argonne to begin their 
work at this center of research and 
development studies in nuclear 
science. They have selected Argonne, 
recognizing the value of an organization 
whose interests include physics, chemistry, 
biology, metallurgy, applied mathematics 
and electronics; as well as nuclear, chem- 


ical, and mechanical engineering. 


Agonne 


NATIONAL LABORATORY 


/ Jniversity of Ct igo under a 


niract with ¢ 


jy 


Inquiries Invited 
METALLURGISTS e CHEMICAL ENGINEERS 
MATHEMATICIANS PHYSICISTS CHEMISTS 
METALLURGICAL ENGINEERS ¢ MECHANICAL ENGINEERS 
ELECTRICAL ENGINEERS ¢ HEALTH PHYSICISTS 
PLANT ENGINEERS ¢ SAFETY ENGINEERS 
INDUSTRIAL HYGIENISTS 


PROFESSIONAL PERSONNEL OFFICE 
P. O. BOX 299 « LEMONT, ILLINOIS 
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Melvin L. Bleiberg, at Bettis Laboratory since 1952, operates the specially designed cooling system 
fer his unique low temperature in-pile cryostat. Mr. Bleiberg is a member of the Solid State Studies 
Group, which works on fundamental metallurgical projects at Bettis. He received his masters degree in 
metallurgy from the University of Pittsburgh under the Westinghouse educational assistance program. 


Ginset shows sample chamber heat exchanger before being enclosed in an aluminum housing. The 
coolant gas enters the chamber from the aluminum tubing and circulates through the heat exchanger 
which is a double-pitch, double threaded screw. The test samples are enclosed inside this heat exchanger. 
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THE RESEARCH AND DEVELOPMENT OF NUCLEAR FUELS 


A Study of Property Changes under 
Radiation at Low Temperatures 


Nuclear fuel materials undergo drastic prop- 
erty changes due to neutron irradiation. Met- 
allurgists at Bettis Atomic Power Division 
are actively conducting research in this new 
field of nuclear energy. 

One typical experiment is the determina- 
tion of the property changes of fissionable 
materials in-pile at low temperature. This 
unique study is based on previous work done 
by metallurgists at Bettis Plant* which 
showed that uranium-base alloys exhibit 
phase changes due to the influence of neu- 
tron bombardment. 

In order to study this phenomenon, a spe- 
cial experimental facility had been designed 
to obtain and sustain low temperature dur- 
ing irradiation of fissionable material. How 
to remove the heat generated by fissioning 
of uranium was the major problem in this 
experiment. M. L. Bleiberg, senior engineer, 
solved the problem by developing a cryostat 
in which specimens of fissionable materials 
could be maintained at temperature of less 


than 100° C. by means of flowing helium 
gas cooled by liquid nitrogen. 

The first cryostat will be inserted into the 
reactor at Brookhaven National Laboratory, 
where it will become a semi-permanent fa- 
cility to test different samples of nuclear 
materials. The data obtained from these 
tests will be used to develop improved fuel 
alloys for the nuclear reactors now being de- 
signed and developed at Bettis Atomic Power 
Division. 

This is only one example of the challenging 
work conducted here. We welcome inquiries 
from metallurgists interested in the excellent 
careers offered by the new and growing nu- 
clear power industry. Please address your 
résumés to: Mr. M. J. Downey, Department 
A-172, Bettis Atomic Power Division, West- 
inghouse Electric Corporation, P.O. Box 
1468, Pittsburgh 30, Pennsylvania. 


*M_ Bleiberg, L. J. Jones, Bo Lustman, “Phase Changes 


in Pile-Irradiated Uranium Alloys,” Journal of Ap 


plied Physics, Volume 27 pp 1270-83 (1956 


BETTIS ATOMIC POWER DIVISION 


Westinghouse 


Next month — Metallurgical Process Development — Weld-Conditioning of Reactive Metals for Nuclear Applications 
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no unknowns here to 


contaminate your alloy steels 


In raw materials, this is as far as you can get from the contamination hazard 


present in loose or bundled nickel ser ip. 


It’s as close as you can get to periection ... weight and certified analysis 


in plain view at all times an all fiberboard palletized package ready to go into 


the electric furnace without opening 


Thi turdy lightweight carton not only ives on hipping costs, but reduces the 
chanes rave a well | i ily lored handled, loo measures only 


29 by 39 inches across, and LL inches high, including the standard three-inch pallets. 


If you till using Joo oF bundled for youl alloy requirements, 


ask us about the advantage of using Alloymet pig of certified analysis. 


(VAI FTAL PRODUCTS, Inc. (rorwery a owsion of ALTER COMPANY) 


561 @ TELETYPE DV 58 ROCKINGHAM ROAD 


PHONE 6-25 
DAVENPORT, 10WA 


World's largest producer of secondary nickel alloys of certified analysis 
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phon. — a proved G-E X-Ray product to 
- | spectrometer make your products better 


Here’s proof of 


analytical 
reproducibility 


of the analytical reproduc ibility of five 
clements in a sample of the high ten perature 
alloy Thetalloy as analyzed by th 

Charles C. Kawin Co. of Chicago, leading 
metallurgical laboratory 

Rey roducibility, hailed by Kawin’s President 
A. J. Busch as “top feature provide 

the day-in, day-out reliability so 

necessary for efficient analytical work 
Whether it's | roduct control, raw material 
analysis or rescarch——G-E spectrometers 
have proved their value for fast 


accurate Quantitative determination of 

clements down to atomi number 14 

(aluminum), Not only can you analyz 

in minutes or hours what takes days 

by wet chemistry methods, but you 
eliminate critical sample weighing 

timc consuming separations 

and precy ate 

This pereat savings apy lies 

over a wide range of concentrations 
in the fields of metallurpy 

petroleum ceramics, rubber ind 

veneral chemistry. You ly 

place the sample in the holder, 

read instrument data, mterpret 

results directly Wn pel cntape 


raph 


from cofivenicnt 


For a recommendation 


22 ANALYSES OVER facilities best uted to 
10-MONTH PERIOD lytial work 

prove reprodu ibility of 
Kawin's XRD General 
Electric x-ray spectrometer get the information yo 
writing X Ray De} 


eral Electric ompan 


1, Wisconsin, Rm. AY-~’ 


x Tay rey} resentative 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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The Final Forming and Shaping of 


1B ia ia KS Wrought Non-Ferrous Metals, Mono- Deoxidation of Steel by C. H 
Kraph and Report Serie No 20, by erty. Ji National Open 
The Institute of Metals, 17 Belgrave Hearth Steel Committee of 
Square, London S.W. 1, England, AIME, 29 W. 39th St., New 
126 pp., approx. $2.5 1956.—This , 
*ORDER BOOKS SO MARKED published record of a symposium mre. Ry gc 
THROUGH AIME— held by the Institute of Metals in “ aoe : ‘ oi 
paging 1957 This memorial 
Address Irene K. Sharp, Book London, April 1956, consists of eight volume to C. H. Herty, Jr., is 
Dept. Ten percent discount papers, a general discussion, and in- a collection of his selected pa- 
Ziven whenever possible dexes by names and subjects. The per which emphasize Dr 
The Fatigue of Metals, The Inetitu 14 on the physical chemistry of 
tion of Metallurgists, London S. W. teelmaking. The papers, gen- 
erally unavailable today, deal 
with elimination of metalloids, 
solubility of iron oxide in iron, 
deoxidation with silicon and 
aluminum, and the control of 
oxide in the open hearth proc- 
In addition, other prob- 
Semiconductor Abstracts Abstract: lems affecting refining reac- 
of Literature on Semiconducting and tions and the quality of steel 
Luminescent Material and The are discussed The book in- 
Chemistry in the Metallurgy of tron Applications, Vol, III, edited by E cludes a biographical sketch, a 
and Steel, by John Chipman, Phi Paskell, Battelle Memorial Institute, list of Herty’s publication and 
Lambda Upsilon, Dept. of Chemi John Wiley & Son 432 pp., $10.00 patents, a chapter on the sig- 
Pennsylvania State University 1957.-Sponsored by the Electro- nificance of his work, and short 
University Park, Pa., 95 pp., $2.50 chemical Society Ine this volume biographical sketches of 37 of 
These are note of the lst for 1955 issue) contain 1258 ab- his co-workers on the Physical 
nual Priestly Lecture ponsored tract almost double the quantity Chemistry of Steelmaking 
Phi Lambda Upsilon and associ of the previous book in the eTies, Project e 
ad departments of the untversity and inelude abstract of paper 
following topie are covered presented at several technical socie- 


roll forming of light page ections, 
England, 146 pp., approx. $2.45, 1956 tretch forming “wont as and allied 
ote tructural aspect of aircraft magnesium alloy rhe pape! are 
and from the Journal of the 
effect of temperature on fatigues 

properts A tabulation fatipue 
data on a number of alloy upple 


ments the text. e 


bon, selenium, intermetallics, oxides 
arsenates, phosphates, and organics 
A final section on theory alone is 
nearly 50 pp. long. The 1953 and 
1954 issues are $5.00 each. e 


idation and reduction in liquid ty meeting In bibliography format 
teel, Henry law in metal metal and arranged on the basis of mate- 
| lay hydrogen iow tee! rial the book covers the propertie 

ny ind dephlogiesticated air in and applications of germanium and 
tec! industry, @ theon and contain ections on car- 


One-Week Course in 


TITANIUM METALLURGY 


EXPERIENCED ENGINEERS 


The third annual Titanium Metal 


lurgy Course wili consist of a series 


@ PROGRESSIVE COMPANY, world’s largest producer of ferro- 

alloys and alloying metals, has a number of 
CHALLENGING OPPORTUNITIES for mechanical, civil, electri- gineers with some background in 
cal and chemical engineers with experience in metallurgy. Following are the a: 
ects f titanium technology te 

GENERAL PLANT DESIGN AND LAYOUT 

NEW PLANT DEVELOPMMENT AND SERVICE 
ESTIMATING FOR PLANT CONSTRUCTION 

CONSTRUCTION SUPERVISION 


POSITIONS ARE PERMANENT and result from the expansion of 
our Engineering and Construction Department, required to keep 
abreast of continued Company growth 

ernod there will be tw formal 
EXCELLENT SALARIES, commensurate with related experience, 


Mond Present and Future of 


preferably in the metallurgical or chemical industry. fay Pre 


RELOCATION PAID — LIBERAL COMPANY BENEFITS — 
ADVANCEMENT OPPORTUNITY Printed copies of all lectures will 


be distributed to registrant who 
Send resume and salary requirements to Mr. W. W. Lake, may attend single days or the en 
Administrator of Recruiting. tire week. Dormitory accommoda 


tion are available Priority given 


ELECTRO METALLURGICAL COMPANY 


$35. Dormitory $2.50 a night 


In addition ¢t informal discussion 


Wedne 


Applicat: n receipt deadline 1S 
August 16, 1957 


Niagore Falls, New York r information, contact 
ole iow Yor* 


Division of Union Carbide Corporation 


of Engineering 


Y Phone LUd 
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HIGH PURITY MAKES THE DIFFERENCE 


Electrolytic Manganese 
Improves Melting Practice 


Stainless steel] makers have found 


electrolytic manganese to be a great 
aid in simplifying melting operations, 


minimizing impurities, and facilitat- 
ing closer control of composition, par- 


ticularly for producing the new 200 


series with higher manganese content. 


Electrolytic manganese can also be 


used advantageously for the produc- 


tion of non-ferrous alloys, including 


high-temperature and electrical re- 


sistance alloys of aluminum, copper, 


and zinc. It is free of elements which 
adversely affect the properties of non- 


ferrous alloys. 


ELECTROMET electrolytic manya- 
nese is ideal for all applications re- 


quiring manganese metal of very high 


purity and low iron content. It has a 


minimum purity of 99.9 per cent on ¢ 


= 


metallic basis and is the thickest plate 


commercially available. For stainless 


steels requiring nitrogen for austenite 
stabilization at hot-working tempera- 
tures, ELECTROMET also offers a ni 


trogen-bearing grade of electrolytic 


manyanese. 


This illustrated folder 
on electrolytic manga- 


nese and technical as- 


sistance in the use of 
ELECTROMET alloys 
and metals are avail- 


able on request. Write 


or phone the nearest me . 

ELECTROMET office: Birmingham; Chi- 
cago; Cleveland; Detroit; Houston; Los 
Angeles; Phillipsburg, N.J.; Pittsburgh; 
San Francisco. In Canada: Electro 
Metallurgical Company, Division of 


Union Carbide Canada Limited, Toronto Cans containing 50 Ibs. of ELECTROMET electrolytic 
ELECTRO METALLURGICAL COMPANY, nanganese are a convenient means of charging 
Division of Union Carbide Corporation, high-purity manganese in the production 

30 East 42nd Street, New York 17, N. Y. of stainless steel 


Electromet 


FERRO-ALLOYS AND METALS 


UNION 
CARBIDE 


© registered trade-marka of Union Carbide Corporation 
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INCREASES CORROSION RESISTANCE. The huge rotor 


illustrated here is the main structural component of a Ljung 
strom Horizontal Air Preheater. Three of these units, designed 
to serve a 1,900,000 pounds-per-hour-capacity boiler, are among 
the largest ever manufactured by The Air Preheater Corpora 
tion, New York. Each complete preheater weighs 270 tons 


The rotor itself—25'2" in diameter and 10'10'4” deep 


sjecause sulfur in the gases combines with moisture 
at the “cold” end of the rotor 
severe in this area Corrosion means maintenance 
Aiming at a reduction in 


cooperated with the t 


sulfuric acid attack in air preheaters 


than one-fourth that of cast iron 


As a consequence, USS Cor-TEN Steel is specified for the 
cold end heating elements and containing baskets on all con- 


ventional boiler applications. Where unusually 
corrosion is anticipated, USS Cor-TEN Steel is also speci 
fied in all or part of the rotor including diaphragm plates, 
bar stock, rim angle and filler plates. 


severe 


INCREASES DURABILITY, REDUCES COST. Tote boxes 


have to take quite a beating. Used for handling, storing and 
shipping automotive and other parts, they must be able to 
withstand plenty of rough treatment 

That's why the “Hamlintainer” here—a_ collapsible 
tote box that sets up and folds flat in less than 20 seconds—is 
built entirely of USS Cor-Ten Steel. Cor-TEN Steel's 
greater strength, 50°, higher than steel, makes it 
possible to build the “Hamlintainer” up to 100 Ibs. lighter than 
carbon steel units, yet so strong and rigid that it will withstand 
long and rugged service and is not susceptible to he nding and 
distortion. The fact that the Cor-TEN Steel ends and sides have 
the stamina needed to permanently maintain their shape is 
of utmost importance. It means that throughout its long life 
the box will always be easy to set up, fold and stack flat 

As compared to the metal construction used in an earlier 
design, USS Cor-TEN Steel makes the 

Hamlintainer” not only 
more rigid and more durable but also 
to produce, according to 
the manufacturer, Hamlin Metal 
Products Co., Akron, Ohio 


shown 


now 


carbon 


stronger, 


less costly 


when 
fully loaded with the heating element, weighs about 390,000 Ibs 
sulfuric 
acid is formed when the temperature drops below the dew point 
corrosive action can be highly 


maintenance, the manufacturer 
S. Bureau of Mines in exhaustive tests 
to determine the corrosion resistance of various materials under 
These tests, made over 
a 5'4-year period, showed that the corrosion rate of low-alloy 
USS Cor-TEN Steel was lower than all but one of the Aigh alloy 
steels tested, was less than one-half that of carbon steel and less 
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High-strength USS COR-TEN Steel 
pays off in equipment like this 


What does your product need to make it better? 
Cheaper 


Greater durability? Bigger capacity? 
maintenance? Lower operating cost? 


Do you want to make it stronger, lighter in 
better able to 


weight, more corrosion resistant, 
withstand abrasion, impact and fatigue? 


You can obtain any or all of these important 
money-saving benefits at little or no increase in 
cost by the proper use of high-strength low-alloy 


USS Cor-TEN Steel. 


INCREASES STRENGTH, SAVES WEIGHT. shown here 


hauling a 117-ton transformer, this 150-ton-capacity trailer 


built by Columbia Trailer Company, Vancouver, B. C., for the 
Arrow Transfer Company of that city—is the largest trailer 
ever built in Canada 

This 80-ft.-long trailer is constructed almost entirely of USS 
Cor-TEN Steel. It is about 2 , lighter than if it had been built 
of structural carbon steel. Specifically designed for handling 
transformers of giant size, it has a depressed center deck 
which makes loading and unloading easier and keeps center 


USS Cor-Ten Steel is distinguished by its su 
perior resistance to atmoephe ‘ric corrosion. 4 to 6 
times that of carbon steel, 2 to 3 times that of 
copper steel, 

In thickness of and under, Cor-TENn Steel 
has a minimum yield point of 50,000 psi and a 
minimum tensile strength of 70,000 psi. In resist- 
ance to abrasion, shock and impact, it is superior 
to structural carbon steel. Its fatigue resistance is 
60°), greater 


Thus, when used to directly replace 
carbon steel, USS Cor-TEen Steel will 
materially increase the strength and 
durability of vital parts without in 
creasing their weight. Or it can be 
used in thinner sections (1) to reduce 
weight without sacrificing strength or 
(2) to increase the capacity of equip 
ment without increasing gross weight 
or the power required to move it 

You will find our 174-page “Design 
Manual for High Strength Steels” ex 
tremely useful in applying USS Cor 
‘TEN or our other High Strength Steels, 
USS Man-Tenand USS 
to your product, For free copy, simply 
write on your company letterhead to 
United States Steel, Room 2801, 525 
William Penn Place, Pittsburgh 30, Pa 


For more information, Circle No. 3863 


of gravity low to prevent danger of upset 

Says the manufacturer We have found that when a 
trailer is made from structural carbon steel there is a greater 
possibility that it can be permanently damaged from over 
loading than in the case of a similar unit made from high 
strength steels. That's why, in designing trailers of this type, 
we always use USS Cor-TEen Steel. This construction gives us 
the high strength needed, plus excellent corrosion resistance 
and freedom from excess weight—all very important in equip 
ment like this 


UNITED STATES STEEL CORPORATION, PITTSBURGH + AMERICAN STEEL & WIRE DIVISION, CLEVELAND + COLUMBIA GENEVA STEEL DIVISION, SAN FRANCISCO 
NATIONAL TUBE DIVISION, PITTSBURGH * TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA. * UNITED STATES STEEL SUPPLY DIVISION, WAREHOUSE DISTRIBUTORS 


UMITEG State 


Lowrany 


USS HIGH STRENGTH STEELS 


uss 


USS MAN.TEN 


USS TRt-TEN 
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1300 pound cast frame for large high speed paper-making caused by internal stresses. Frame cast by L. Brayton Foun- 


machine ckel added to cast tron eliminated deformations dry Co., for St. Regis Paper Company, East Providence, R.I. 


Deformation problem in heavy cast frames 
straightened out with 1.00% nickel cast iron 


t. Regis Paper Company had a prob- ing and serious misalignment in fin- nated the stresses resulting from it. 
m machining large cast frames for ished frame This increased stability paid off in 


high peed = multiwall paper bag Heat treating’? Not quite the an- another way it saved valuable pro 


making machine It would boost the cost of the duction time. With nickel cast iron, 


“wer 
, , machining operations keep right or 
When frame were cast, differ casting Phere wa another 
way. An easie av. A sure way. going without interrup lions for 
it 7 stress relief or danger of hard edges 
itive thin ection Wit Vi li 
! ! huse ‘ ria 1.00% nickel addition solves deformation \The nickel also makes the frame 


‘ ‘ lierostri 
in th problem easier to machine to the tolerances 
And trouble began 


ene in cooling rates between thick 


St. Regis engineers working with required 
The base tron, adjusted : the foundry decided on a_ 1.00° Do you have a metal problem? 
dense, Wear-resisting structu nickel addition to the base iron Let’s talk it over. In the meantime, a 
msed areas, Wi in It olved the proble m The nic kel booklet, “Nickel Alloved Cast Irons” 
on Resul internal brought about uniformity of micro- may give you a clue to the solution. 
tress, deformation during machin structure. It reduced chill and elimi- Just write 


67 Wall Street 


THE INTERNATIONAL NICKEL COMPANY, INC. new vork 
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Steel in Sweden—the Stora Story 

New, and possibly revolutionary, developments in steelmaking are 
taking place at the Stora Kopparbergs Bergslags A/B, Domnarvet, 
Sweden, and they are taking place fast. The Wiberg-Soderfors process 
for producing sponge iron in electric furnaces received much attention 
earlier this year (JOURNAL OF Mera.s, February 1957). A process for 
producing open-hearth quality steel from high-phosphorus hot metal 
in a rotating oxygen converter—called the Kal-Do process—1s_ re 
ported on p. 972 of this issue. The latest development called the Stora 
Powder Steel Process, produces rolled steel directly from pig iron, De 
siliconized pig iron is granulated and mixed with about 15 pet hich 
purity iron ore concentrates, packed in a box and decarburized at 
1100 C. The box of granules is then run on a standard rolling mill 
between 1100) and 1200 C, producing a clean, rolled steel. A rotary 
Kal-Do furnace is used for the preliminary desiliconizing operation 


National Research Expanding in Many Directions 


National Research Corp., prime developer of vacuum metallurgy in 
this country, is turning its research and development activities into 
many new fields. Among these are continuous metallizing of plastic 
sheeting, textiles, and paper, which might become competitive with 
foil; continuous coatings of steel at high speeds, providing corrosion 
resistant coatings by vacuum deposit techniques; and a rather deep 
plunge into the field of zirconium production through the Columbia 
National Corp., a subsidiary jointly owned with Columbia Southern 


Chemical Corp 


Developments in Vacuum Technology 


Among the many new developments in vacuum technology are a 
new high vacuum furnace, designed for continuous operation at 2200 C 
at a vacuum of 0.01 to 0.05», built by R. D. Brew & Co, of Concord, N. H 
Also, Riehle Testing Machines has developed a device for making auto 
vraphic optical creep measurements on reactive metals in vacuum 


furnace, to be on the market soon 


Titanium: Ahead of Schedule 


Announcements by the major titanium producers of price cuts amount 
ing to $0.50 per Ib on sponge and $0.50 to $1.90 per lb on mill products 
proved recent estimates of the price trend of this important metal too 
conservative. Estimates at last year’s Titanium Symposium showed 
that by mid-1957, sponge should be just under $3.00 (current price, 
$2.25); billet, around $7.50 (now $6.90); and commercially pure sheet 
$13.50 (now $13.10). Long range predictions are for $1.28 per Ib for 
ponge and a $2.00 to $3.00 range on mill products, indicating a seriou 


bid by titanium for many nonmilitary applications 


New Desulfurization Process 


3attelle Memorial Institute reports a new process for the continuous 
desulfurization of iron. Molten iron and caustic soda are fed con 
tinuously into an apparatus where the materials are intermixed, and 
desulfurized metal and caustic slag flow continuously from the ap 


paratus into ladles. It is also reported that an oxygen lance inserted 


into the chamber will remove substantial amounts of the silicon pres 


ent at the same time sulfur is being eliminated 
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The Engineering Graduate 


and Military Service 


marized from an article by W. T. Cavanaugh tion in a critical activity. Unlike occupational defer- 
KR recutime ecretary of the Engineering Manpower ments (in which the employer is the requesting 
on aft Council avent), the registrant himself appli for the Crit!- 


cal Skill Program by a lette to hi local board 


He prima objective of militar manpowel! 
Th may be done even after notice of mduction 
procure or i ous enout to < 
. received, Such application automatically suspend 
btain the manpower nece to meet the require 
all other procedure pending its processing. Upon 
ent f tin manning table 


acceptance, the registrant must, within 30 days, en- 


What the ta obligation’? Simpl that 
es ' list in a Reserve Program. He will be called for six 


veen ave lé’s and 26 who enters the 


months of active duty for training, after which he 1 


irned force after Au 9 1955, has a total military 


transferred to the Ready Reserve 


ition of eithe x or eight ae > 
Regulations provide for the continuous, automatic 


cry Wil hier Checide to di charye 


creening of the Ready Reserve, so that persons with 


critical kill who have these tatutory obligation 


Deferments for Graduate Work 


o serve in the Ready Reserve, are actually retained 


Qualified duate students are permitted, undet only if requirements exist for their skills, or if they 
elective service regulation two years deferment had an overriding military specialty. Persons with 
for the masters degree, and four years for the Ph.D critical civilian skills who are in excess of require- 
iat praduate tudent and undergraduate tu ments are to be transferred to the Standby Reserve 
dents for that matter, are currently not called abe The exception would be an engineer who ts also, say 
ply Secause tx are not yet needed by the local au jet pilot, or possesse ome other critical military 
board, This kind of delay for academic work may, in pecialty. It is anticipated that persons with critical 
the future, become precarious, for reasons that will kills (whether Critical Skills Program people or 
emerge tate two-year service people) will spend relatively brief 
I possible to enlist in any of the services for a periods in the Ready Reserve 
! of three eu From the point of view ol 
jobs for er ted menin the armed service The vast The purpose of the six-month Reserve Training 
mount vork required within the Program for men undet was to beef up the 
ined forces done by civilian engineering en Ready Reserve with younger men on a voluntary 
ploye basi After a year of trial, the Program was not 
(,rauduaute eun take an er neerm position in in meeting it youl and as a result, the general Six 
fist ‘ ment or education, and perhaps qual Month Program was opened to men between 184 
{ fw wcupational deferment, which may continue and 26 
ndefinitel inder the proper conditions, or termi There are two important differences between the 
nate, perhay vith qualification for entry into the veneral Six-Month Program and the Critical Skill 
months Critical Skills Program Program. First, the general Six-Month Program ts a 


2 quota progran That is, it will be opened and closed 
Occupational Deferment Program us men are needed. As more men enter the Six 


lo qualify for occupational deferment, a person ha Month Program, the number of men available for 
to have. amor thre hur i critical skill Call en military service should be reduced, thereby reducing 
reer | « critical) and be employed in a the chances of obtaining Selective Service deferment 
eritieal act 1 \ tof the eritical occupation and for graduate work, etc., because men are not needed 
wt ti ithable th other detailed informa tut the Critical Skills Program is a continuing one 
tion on thi ibbect. from local boards of the Selec Appheation for the Critical Skill Program can be 
tive Se Pa tev made even after receipt of notice of induction; thi 
Occupational defe ents are normall iven for a not so in the general Program. The screening proc- 
pecifie pe ad. and are. theoretical! renewable in ‘ ipphes to all personnel, regardle of method of 
ndefinite sequence. Haweve local boards want. at entry into the Reserve Force 
ome time. to terminate these deferments to ensure As 1 enerally known from much public discu 
that a pe ! ot deferred to a point where his in ion earlier this year, the Army National Guard now 
luction, though legal possible until age 35, is im has an enlistment program very similar to the U.S 
} practical f eusol of age, dependen tatu Army Reserve. The Army National Guard ts consid- 
hardship, ete Phi x month Critical Skills Pro ered part of the Ready Reserve; it is not clear that 
i Vil it into the Reserve Fores Act of 1955 the automats creening proce will apply to the 
and implemented | executive orde in earl 1956 Guard. Even if the variou tate governors are sym 
to provide a practical and workable solution of the pathetic to it, it would depend on individual request 
previously unytelding problem of the need for selec and present a very difficult, decentralized admin 
tivity vs the theoretical need for equit trative problem 
) y rad te rec roine 
Che basic requirements for the Critical Skill Pro Cavanaugh, Secretary, Engineering Manpower Co 
ram are a 1A classification, and a critical occupa ! on, 29 W. 39th St., New York 18, N. Y 
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Top strength and 
minimum shrinkage 
at high temperature! 


Superex | 
Thermolbe lo 


After a quarter century... 


easily combined with other in 


ulation uch as Johna-Manville 


Magnesia or J-M Insulating Fire Brick, 


there’s still no substitute for J-M Superex insulation 


for service to 1900F! 


is the finest sinstal 


In 


block insulation yet 


im plifie 
Supe;rex 


Supers x also speeds and 
lation. Kasy-to-handl 
only 2 lbs per sq ft 

Strong it compresses 


tons’ 


Superex 
de 


temperature furnace applications! 


many Ways, 


veloped for high weighs 
per inch thickness 
Made of diatomaceous silica and as only inch under 
ft. Superex is 


of 


with an ordinary 


pre 4 
available in 


bestos, Superex offers exceptional heat sure per square 


a wide variety sand 


value hape 


stability is 41708 is 
knife or saw 


resistance —excellent insulating 
And at high temperature its 


unsurpassed 


easily cut 


it combines low shrinkage 
write to 
York 16, 


(Ontario 


For further information 
Johns-Manville, Box 14, New 
N. ¥ Port Credit 


For medium temperature applications, specify J-M Superex M blocks 


Johns-Manville INSULATIONS 
JM 


ENGINEERING 


with excellent thermal effectiy 
withstands the phy 
countered 


eness . 
easily sical abuse en 
normal service In Canada 


. tor temperatures to L600F 


MATERIALS 


Saves waste. Superex come 
thicknesses from 1 
ailable on order, 


tandard 


1 Other sizes ay 


FOR LASTING 
THERMAL EFFICIENCY 


APPLICATION 
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Weld Strength! Magnesium has 95% weld efficiency 


i small areswelded magnesium bar is electric resistance (spot, seam or flash). Magnesium plate 

toon This is o Kump of what %” thick can be joined by are welding in one pass It can also 

shen we iv magnesium is lig but bn ‘ joined by most any other method: riveting, bolt 
efhicrenn the relationship between the ing, screwing, adhesive bonding and self-fastening devices 
went metal and a welded joint, i ery high 


These facts spotlight just one of the many reasons magnesium 
leo phate tensile strength 35,000. psi 


id does a better job in many fabricated metal products kor 
init o p raw 

nt tensile strength of 33 psi, ¢ i cl more information. contact vour nearest Dow sales office. o1 
write to us. THE DOW CHEMICAL COMPANY, Magnesium De 


are welded, gas welded, or welded by partment, Midland, Michigan, Dept. MA1403P. 


YOU CAN DEPEND ON 
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BLAST FURNACE U.S.A. 


Il. The Age of Mineral Coal 


1750 to 1850: The scene shifts westward across the Alleghenys 
to the young town of Pittsburgh; charcoal gives way to mineral 
coal as furnaces grow larger and the blast is heated; above 
all, Pennsylvania iron is adding strength to the new Nation 
and building an empire in the West. 


by M. O. Holowaty and C. M. Squarcy 


WO names are in 

Pittsburgh iron industr. the 
chutz and John Hayden 
The iron ore deposits of 


and developed earl 


parably 


outhea 
vania were found 


and several forges and furn: 

rated. It was only after the 

ed the Susquehanni 

furnace in the neighborhood of 

Franklin Count then along the 

its valley. Juniata Iron found a1 

Pittsburgh area. However, diffic 

it across the Allegheny 

ters to 
rict. One of 

Anschutz 


centur’ 
and Ope 


the iron men cro 


eek ore 
rated to Arne 


M. O. HOLOWATY and C. M. SQUARCY are 


Chief of 


thie 


Raw 


Materials Research and Manager of Iron Production, respectively 


at the Indiana Harbor Works of Inland Steel Co 
Ind 


at East Chicago 


ul the 


1790 


if 


re 


mit located onl 


decided to 


idt 


Red 


if 


thie outheastern 


ischutz tran 


aching Pittsburgh in the fall of 
nediatel et out 


project 


to organize an 
able 


and wa to interest 
After 
three 
present 26th St 
build 


cost 


informed 
miles out of 
and the Alle 
there his blast 
plant of the instal 
Vas putin operation, Anschutz 
found that the ore de 
would last 
found 
orner of Arm 
ome of thi 


insignificant one and 
ks. A new deposit wa 
ported 
Run 
isported to the fur 


where it W i 
and on for several 
blown out in 1794 

is plant manaper for 
he built the Hunting 
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hy W. Hale 
be 
e of George An Anschutz 
4 
compat! ni i 
tern Pennsyl ome residents in } 
in the 16th of an iron ore depe at | 
‘ vere built town (on the site of : 
olution that hen Rive ) 
River, built furnace and fourm 
deposit of wa S400 
ta River and When the 
arKket il thie nov a 
ral Nii Oniy <= 
ad on ma no more than a few 
e Pittsburgh on Roaring Run, it a) 
area Wa trong Count A! aad 
178! to th t! | 
rica in 1789 re to the mouth ot 
goaded on horse wa 
nace. In this way, he operate 
months, until the furnace wa 
John Probst at Langhorntown 


mad he hina wquired one 
‘ est the int AY hutz etired wu 
i 1 j eu te beloved Pitt 
WwW) ‘ Anschut built the first blast 
f Pittsbu } 1} eredit for ben f t te 
‘ ‘ os to the Fi in John Hayden 
f i ette Count In the imme f 1790, while 
‘ mestonme rie found i deposit tl 
‘ bled the bluish estonme hale of New 
th einit f the present cit of Unior 
| ‘ el elt f the find, he built a small 
Lite burnil the tone ore tirne he 
cod tha the particl fused together and had 
etullie luste An examination convinced him that 
he had found iron ore and not limestone 
Hayden decided then to produce a sufficient 
if if t «al tit It tal by red at trie foie ol 
blacksmith forge A blacksmith in Connelsvill 
nterest in Hayden's problem and ran the ¢ 
vhiiet produced ove il pound of pood 
ack on Hluvden now knew that he had struck an 
« deposit of may nificance and decided to 
tit. Ca ! I piece of on, Hayden set out 
! ! cle hia with the intention of persuading | 
it ‘ i the comptre if the Con 
eultl f Penn Ivania, to invest mone 
tii ‘ 
ch lid not fa I nephew ind in 1791 
lev ible to lay foundatior te furnace 
it Fairfield | it seven mile uth of Uniontowr 
(Construct mpleted and the furnace blow! 
rh the i er of 1792. Hayder perated the ful 
wet fital fo everal yeut and then sold it to 
hant thy 


Lit? ivh Hayden had a wood start ‘ cor 
etil ! the i funds «ae ived hit 
nsideral ind before he was ready to produce 

furnace vere ilread in ope ition The 
t furnace west of the mountains was built by Wil 
burnt md Pete Marmie of Philadelphia, on 
t) uth le of the Jacobs Creek. The furnace wa 
| v1 n N 1 1790. and soon established an ¢ 


elient ve itution purt of the Alliance Iron Work 


i} furnace Western Pent ivania Wa 

i a fe t} ite it Dunt t the tamou 

rel Vleusor furnace were fre 
pont ‘ ed upon to work for the Government 
his Isance Cra deputy commander of Fort Pitt 
le if \ ince Iron Works two tons of 6 Ib 
{ shot. one ton of 3 lb shot and one ton grape. These 


ene ent ft Fort Washington (Cineinnati, Ohio) 
i used by General Wayne in the Battle of Fallen 

| bye ror t united Indian tribes on the Maumee 
encounte cun be evarded as the first 
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Mineral coal furnaces—Early failures 


The first step to remedy the fuel situation was to 
educe the consumption of charcoal by mixing it 
with mineral fuels which were readily available It 


almost impossible to determine when the first at- 
empt in this direction was made, but it appears that 
the old Sterling charcoal furnace wa among the 
! t. The furnace was a mall one » ft diam at the 
bosh and 25 ft high. It wa 


ated by the family of Townsends who were related 


built, owned, and oper- 


to the Leonards of Saugus fame. The original fur- 


nace was located two miles north of the Sterling Iron 
Work n Warwick Township, Orange County, N Y 
It i spparentl around 1770 or 1780 that small 
amounts of coal were added to the furnace burden 
After mar experiments, it decided that coal 
from Schuylkill Count Pa., was well suited for the 
one tuvere. cold blast furnace if it did not exceed 1 


bushel per 14 bushels of charcoal (approximately 10 
pet b weight). Thi 


enough to save the furnace 


amount, however, was not 
which wa blown out 
ound 1800 Experience at Sterling profited othe: 

ituations. In most cases, when 
mined in the vicinity of the furnace (West 
yivania, south 


onmaket! n similat 


Vi nia, eastern and western Penn 
ern Ohio. ete.) small amounts of it could be added 
vithout difficults while larger amounts tended to 


educe the temperature of the metal 


One of the most interesting operation from ahi 
toric point of view, is that of the Mill Creek Raw 
Coal Furnace of Master David Grier. His furnace 
which measured 7 [ft acro the bosh and 27 ft in 
height. and stood on Mill Creek, three miles north of 


Youngstown, Ohio. It was ori inally built in 1825 a 


a charcoal furnace. A few years later, difficulties of 
charcoal transportation and hortage of manpowel! 
n the charmaking department induced Master Griet 


to burden the furnace with bituminous coal mined in 
Grie! 


the vicinit 


After a hort experimentation 


developed his own furnace practice according to 


which the charcoal burden wa 
with bituminous coal until iron in the hearth solidi 
fied. The furnace was then slowly blown out and the 
emoved,. The olid metal wa old 
e the sponge iron from the furnace shaft 


gradually re pliac ed 


Vii old to local forge it a premium price 
even thi 

factory ince Grier’s custome! 
ittlhe ittraction ! hi 


Iron. The furnace continued to attract sightsee! be 


about 1833 practice 

found 
an of Coal Flame Supervr 
cause of an “enormou ellow flame burning at it 
mouth and visible at night for mul The Mill 
Creek furnace was rebuilt to a 9-ft-diam, 30-ft-high 
unit equipped with hot blast apparatus in 1839, and 
kept producir mall amounts of iron until 1855, 
ubandoned 

Starting in 1825 everal midwestern furnace 
tried peat in the blast furnace. The last and most 
made by the Lake 


9x45-ft peat furnace 


publi ized attempt wa 
superior Iron Company on it 


it Ishpeming, Mich., in 1873. This method proved un 


known to be 


furnace Wa 


inorthodox approas h was taken by Wil- 
ingfield hot 


ar 5S. Seollard manager of the Spl 


Vii t irdened on everal occasion with 


dried wood (specie unknown) to relieve the local 


this furnace 


data on 


‘ 
vieto for Western Pennsylvania iron econ althougt rie 
till in operats nl 
About the end of the 18th centul the future of 
the charcoal blast furnace appeared bleak nm spite 
‘ 
the t? Vil et because of the hortage of blast charcoal furnace located a springheia Wler- 
fuse bine vil ivailable. but it had to be transported cer Count Pa. The furnace, which mea ured 9 ft 
saan we 
‘ creusil distance vhich eventuall brought aucro the bosh and >it? t was built in 183% The 
the price of iron to the point where it was cheaper fu ¢ 
lormmestic wiuct hortave of charcoal The exact 


An early American coke fur 
nace, similar to many which 
appeared in Pennsylvania be 
tween 1830 and 1850 


are not available, but apparently it continued to op 
erate on the charcoal-wood burden for several yea! 
The eriou shortage ot charcoal, and later on also 
that of high grade iron ore, brought about abandon- 


ment about 1850 


The coming of anthracite 


The use of anthracite in the blast furnace was al 
ready established by the end of the 18th century. It 
was limited, however, to a small number of furnace 
located in the anthracite region of Pennsylvania, and 
insignificant amounts of the material, 


used together with charcoal. The propo! 


to rather 
which wa 
tion between charcoal and anthracite was usually 
maintained between 10:1 and 4:1: Amounts larger 
than 25 pct considerably impaired the performance 
of the blast furnace and caused the iron to run cold 
of the partial anthracite bur 
Among the oldest 

ubstituting an 


Numerous instance 
den can be found in the literature 
reference to cheater © called for 
thracite for a portion of ¢ harcoal, is a mention of the 
Green Mountain Iron Co blast furnace manage! 
Royal Blake, who every 14 or 16 bushels of 
charcoal would add a bushel or two of anthracite 
Blake's furnace, located in Brandon Village, Vt., wa 
relatively small. its dimensions being 7 ft acro 
he bosh and 21% ft high It wa 


and converted to a hot blast charcoal and anthracite 


rebuilt around 1854 


furnace. The conversion, however, was not succe 
ful and the furnace wa 
One of the best known charcoal 
naces was the Franklin charcoal furnace of the 
Jersey Franklinite Co., built in 1770. It had a 6'% 
bosh and measured 20 ft in height. Small amount 
added in 1805. The amount 
were gradually increased until they reached approx 
imately one third of the total fuel burden in 1847 
after the converted to hot blast. The 
used in 1854 for an exper! 
ment which wa of the Amer! 
can blast furnace. The metal burden of the furnace 
attem to 


finally abandoned in 18655 
inthracite 


anthracite were being 


furnace wa 


Franklin furnace wa 
unique in the history 


was changed to high zinc iron ore in an 
produce both metals from local deposit imultane 
ously. The experiment failed and the stack had to be 


rebuilt completely 


Another attempt to use anthracite was made at 
the Pioneer furnace owned and managed by J. W 
Atkins and his brothe 


was built in 18637, wa 


Samuel. The furnace which 
in constant trouble and a no 
Hanging and lipping of 


toriously poor produce! 


this furnace became a byword of the Pennsylvania 
Fortunately enough, the situation wa 
inning im 1840, the 
ance of this first American furnace operated along 
the rules established by Thoma 

until b 1850, it wa 


ironmaket! 
of short duration. Bey perform 
began to improve 
considerablh\ regarded as one 
of the most efficient furnaces in the country 

The imereasing shortage of charcoal induced the 
Pennsylvania legislature to pass in 1836 an act “Tor 
the encouragement to manufacture iron by mineral 
fuel.’ The act gave the governor authority to chartet 
compan in regard to the stock 
and quantity of land which might be required, It wa 
probably this act which 

vestigations of the applicability of anthracite in 


American blast furnace 


with ample powel! 


timulated the widespread 


The eat mpts to use anthracite for melt 
4 made in 1620 by the Lehigh Coal and 
mall experimental 


of iron W 
gation Co., which erected a 
furnace near Mauch Chunk, in Carbon County, Pa 
Mauch Chunk was modeled after the plant at Vizille 
border of France and Switzerland, The Vizille 
was conducted under the upervision of the 
farnous blast furnace men of Europe, Geynard 
and Robin. who in 1810 concluded that in furnace 
operating on cold blast, use of anthracite in the bur 
den is usually detrimental 
At Vizille. the maximum amount of anthracite 
which could be charged into the furnace was ¢ tab 
hed at 40 pet. Beyond this level, the furnace began 
trong tendenci hang. At approx) 
pet of anthracite | fuel burden, the 
e froze entire! results at Mauch 
iunk confirmed those of Vizille In Ma of 1626 
recommended 


McDowell, manayer of the furnace 


(jeorve Crane irther test be temporarily 


furnace Wa 


continued ine olidly frozen 
and remained 


N of anthracite ex 
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Spe tswood im Virgina 


The chamber was set in brickwork which was also 
equipped with a fireplace underneath. The top-plate 
of the chamber was left exposed to the atmosphere 
The cold blast entered the chambe! immediately 
over the grate and passed out from the opposite end 


directly into the tuyere at a temperature of about 


Each tuyere of the furnace was equipped with one 
heating chamber. The effect of even this moderate 
heat was truly astonishing. The production rate of 
meta ncereased overnight by about 100 pet without 
ncerease ol ie] Jeilson became the center of atten- 
tion of the European ironmakers who pilgrimaged to 
the Scotch plant. Neilson idea, however, contrib- 
ited little to the change of the attitude of these blast 
furnace men as far as construction of the furnaces 1 
concerned. Satisfied that his invention con ide rably 
improved the productive capacity of their furnace 
thie kept buildin in the ame traditional manne! 
Thus, typical furnaces built from 1820 to 1850 were 
$5 to 50 ft high with bosh diamete! from 10 to 16 ft 

In the meantime Neilson, realizing the shortcom- 
nyu of his first blast heating apparatu kept working 
on improving the heating chamber. The next step 
vas a evlindrical ve el of cast iron, bottle haped 
at each end, 2 ft 9 in. in diam and 6 ft long. The 
chamber was fixed in horizontal position over a fire 


place and wholly enclosed in brick work to reduce the 


heat losse The temperature of the blast was thus 
ised to 280 °F 
‘till unsatisfied, Neilson invented a new pipe 


heating chamber which raised the temperature to 
HO0 Ff The new apparatus consi ted of an arrange- 
ment of eylindrical cast iron pipes 18 in. in diam, 
fixed horizontally and united by flange These pipe 
formed a continuous length of 100 ft and offered to 
the blast 240 sq ft of heating surface, which was 
more than four times that of the bottle-type heating 
chumbet lhe grate area on each of the heating 
chambet! measured 28 sq ft In this apparatu the 
ictual hot blast was first produced. The pipe stove 
I or howed great disadvantages, of which the 


t important was breakage of pipes. Thi occurred 
isually in places of contact with carbonaceou fuel 
esting on the grate, which could not be avoided 

Arched pipe introduced by Neilson as the next 


mprovement, helped only to a limited degree. In 
ce to prevent overheating, the arch pipe were 
elongated into syphon-shaped tube and removed 
from the proximity of the grate Thus the pipe 
conducting the blast were heated by hot combustion 
uses produced in the separate adjoming fireplace 
Still another improvement in the blast heating ap- 
paratus found its way to the Pennsylvania iron 
works of the 19th century. This one wa called the 
box foot pipestove, and consisted of a seri of cast 
on boxe each of which had two sockets on top 
The heating pipes were syphon haped and were set 
vertically in the respective sockets of two adjacent 


boxe rhe blast passed up one leg of pipe and down 
the other. and so on through the entire system. These 
toves were originally built at North Staffordshire, 
Eneland, around 1848. They were ubsequently 
listed as Neilson’s box foot installations at seve ral 
plants of the Lehigh Valle All of these ovens were 
fired by lid fuel, preferably hard coal 


Another type of stove called the oval oven, wa 


in England a! 


q a ‘ 
— ] 
= A bloomery similar to the type operated by Col Alexander Be 
ont te toy be discontinued ! 
Hi The not produce a get 
‘ | ‘ ent a ‘ tion. Im facet, the 
‘ this ‘ | te, j ‘ il i 
cil i if trie enaiie ‘ ana 
the is ol 
Hot blast 
« ele thy 14th centur thie 
‘ P ‘ \ ‘ furnace Vi 
‘ ! ‘ i 1 trie tu of the 
‘ ‘ i 1 ime ol 
rad the quatit of the 
‘ hier tu Vil i! lestome 
thie ‘ ewhere around 
t} thy ore thie first 
te miu ‘ nation meets my ot 
| nt te tched witl con 
thie | } ‘ ‘ of yood {fo 
f | ‘ ent vith mineral 
ty j are af thre 
| tish vhere nea how 
eve ccurre the nad of the scotch 
ke Jarnes De t Ne n, in 1828, to re 
tive nthe turnace t pre 
ed developed by Josiah Smith 1852 
I} f t hot t tu f Neilson w ve smith inserted a straight length of main between 
‘ f ectal ila vyrougcht the ends of each of the emi-circular mains of the 
on heatu chambe it 4x2 ft. and ft } } conventional box stove, thus increasing the numbe! 
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of the pairs of pipe from 24 to 33. This, according to 
data in the literature, was found to be such a 


eat 


improvement over other blast stoves that anothet 
oval oven was erected in which the mau were ful 


ther e] 


n iongated 


to accommodate 36 pairs of pipe. The 
Parkfield furnaces near Wolverhampton and a dozen 
installations in nearby New Jersey and Pennsylva 
nia were equipped with this type of blast heating 


apparatu 


Utilization of waste gas: 1832 


The next improvement in the development of the 
blast furnace is rightly attributed to Fabre du Faut 
who about 1832 obtained a patent on the application 
of the blast furnace waste gas to the preheating of 
the blast. Following the original experiments of 
du Faur in Germany, the idea was picked up |} 
Perry at Ebbwvale, England, and found to be « 
tremely economical. The work was described by) 
Percy as follow 

‘At Blaina and Ebbwvale I saw the applica 
tion of waste gas of the blast furnace carried 
out apparently to perfection. I have never wit 
nessed any metallurgical operation with more 
pleasure than that of these hot blast stoves and 


I felt no small degree of commiuseration for tron anthracite. and with the a tance of George Crane 
masters who still pursue the old plan of usin the own proceeded to experiment with anthracite 
olid fuel such as coal-slack however cheap! as partial fuel burden of | furnace is early a 
it may be obtained. Mr. Levich of the Blaina 1820. The amount of anthracite wa il and never 
Iron Works assures me that the savings affected exceeded 8 pet of the total fuel burden, According to 
at his works by the application of waste gas of \rhoma the furnace performed quite well unde 
the blast furnaces to the heating of the hot these condition but wheneve omethin vent 


blast and steam boilers its equivalent to 600 vrong. the anthracite was blamed. Finally the fu 
tons of coal a week” nace operator became prejudiced against the raw 
It was this type of hot blast stove which was In fuel and Thomas was forced t ejtup. Thereafte 
talled between 1854 and 1856 on three coke fut he repeated his experiments almost ever en I 
naces of the Cambria Steam Hot Blast Coke Furnace 1825. he built a separate experimental furnace for 
Co. located at Johnstown Flat, in western Pa, The the test rut th anthracite. The furnace was 28 ft 
exact size of the Cambria blast stove is not known high and had a 9-ft-diar host Phomas burdened 
but it 1 ignificant that the plant was the first one this furnace with increasit smount f anthracite 
in the U. S. to use one large steam blowing engine to het to no @ rhe furnat mn cold and the test 
provide blast simultaneously to three separate ful had to be discontinus Thomas rebuilt the furnace 
naces. It is also of interest to note that Kell con in 1830. He extended the shaft to 45 ft height and 
verter proce was put to test here between 1855 and widened the bosh to 11 ft diat The experiment 
1860 vere much ft ‘ iccessful than previou burt the 
The Blaina hot blast stove wa the forerunner ol consumption of coal : ot hy that the had to be 
the Cowpel! tove which eventually became the sibandoned 
tandard for the entire blast furnace industi The About tl time experiment were also beins 
gas heated blast stoves belong in fact to the period made with anthracite at Mauch Chunk, Pa with 
of coke furnace It was the coal heated blast appa ist about the same eee 
ratus of Neilson and Thomas which actually broke In 1829. while the experiments were going on on 
the spell of small charcoal furnaces and put the at both 1, f the Atlant Sq ‘ Glasvow. to 
thracite furnace in operation, thereby contributing tal] inaware of Thomas’ probles obtained pat 
considerably to the growth of the mightiest steel in ent for } hot blast apparatu Thomas and Crane 
du of the world mmediate! recopnized that Neilsor discovet 


The anthracite glory 


The era of the American anthracite blast furnace aveled to the ¢ fe I VW | ri land 1 om 
Wa born in 1839 when David Thoma ry thee the ¢ ( it I} ! rie cod 1! 
Pioneer furnace at Pottsville Schuylkill Count Ne ! cense, ! 1 ipl convineed that hot 


Pa. Thoma 


purpose clear! pecified n hi contrac or ou if 


one and then othe! 


Thom: 


concerned 
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Profile of an carly American charcoal furnace es 
mienht be the Ke toy wee ful ut il 
country on the invitation of Mr. Erskin Hazard of Together with a mechanic brought from the Clyde ai 
the Lehigh Iron & N ation Co. fe the distinet Iron Work This is built the first blast stove for at oa 
initially anthracite tu ces | 1637. The of it oru we Was complete 
the company ind the furnace fuced on of good 
The Yniscedwin Iron Work in Wale where juality at a satisfact ite « 
Thoma worked a a oung man ver nu In May of the me ye Mr. Roberts from Phil Me 
deposit of anthracite coal, which was cor fered idelphia ¢ e to t Ci oe Cram iw the fu e 
usele as far as operation of blast furnace Nis nace i peration 1 re ted th ediately to i 
* 
s thought frequently about usi incle, Je ih White of the Lat nh Co Nu 


and were 2 in. thick in the arche The stoves were 
built on the ground and fired with coal. The joints on 


the pipes were made with liquid cast iron, the point 


f junction of the arch pipes being carefully sealed 


o prevent the iron from running into the bed pipe 
After the joints were made they were covered with 
alt and sal-ammoniac water which rusted them 


erfectly tight. The stoves were capable of heating 


the blast to approximatel) 600 F 


The arrangement for filling the furnace consisted 


f a water balance-type elevator in which square 


boxe were attached to each end of a chain. The 


chain in turn was wound around a wheel with a 


prune While water was filled into one of the boxe 


the load in the other box wa lifted to the top of the 


furnace. A oon as this happened the water box 
touched a trip mechanism which emptied the water 
from the box and the entire procedure would be 


Che first American blast furnace built exclusively 


anthracite was blown by a breast wheel 12 ft in 


and 24 ft long. Water falling from a height of 


ft furnished the power. On each side of the wheel 


vere segments geared into pinions on double tracks 


drivu two blowing cylindet The cylinders were 
ft in dian ind had a 6-ft troke 
The blast from the cylinders wa ubsequently 


conducted through an 18-in. cast iron pipe to the 


Tuyere arrangement of a 19th century anthracite furnace toves and hence to the furnace. The flow of the blast 
stion Co. White vho previous! had participated u Nat pulsating con tantly and the troke of the 
han f the expe ont nm the use of ant) cite at evlinders could be counted as well at the furnace a 
fauch Chunl mmediats asped the nificance at the wheelhouse. The blowing cylinders were made 
furnace lispatched | kine mut of nece itv in the U. S., because cargo ships re 
He . his friend and vice esident to evaluate the fused to take aboard the huge English machine 
4 n and to } ng to th count veignhin everal tons each 
eOr ho could build and operate an identical Merrick and Towne built the cylinders and sub- 
fu we in Pe ‘1 Hazard a ed in Ei and equent eceived numerous other orders from the 
nm November |! found the furnace in full opera mushrooming anthracite industry. The original cyl- 


nders which were made in England, arrived a few 

nonths later and were used in various installation 
late as 1905. After many delays, the No. 1 Crane 

Co. furnace was blown in at 5 pm on July 3, 1840 


Use of Anthracite Expands 


t the call of the new nation. It was a difficult The Catasauqua furnace was not the first Amer! 
ten ot eit of peacetul and itisftyul fe in the in blast furnace to operate on anthracite, for alte! 
i i mia f Wale nd count vide iat exter ve experimental runs in 18638 and 1839, the 
iit i nvente ful antl Dlast Mauch Chunk furnace was reactivated as an anthra 
i ined ve thi vhich he dared eite furnace David Thomas he Iping with advice It 
to hope. Howeve the new w tf contained a chal vas not the old Mauch Chunk furnace any more; the 
‘ e which Thomas could not refuse furnace had been rebuilt in 1837 at a site about half 


a mile closer to the village of Mauch Chunk. The 
Thomas comes to the U. S. tack of this furnace was 21% ft high, 22 ft square at 


it? oe 

The contract wa ned on Dee 1 1B38. and the the base ind 5's» ft acro the bosh. The hearth had 

Photius ta vled in May 1839. Thomas arrived i rectangular cro ection measuring 14x16 in 
Vilentowr Pa. and proceeded almost immed Blowing apparatus consisted of two cylinders 6 ft 
ite vith the plans for the future tron worl sul n diam actuated by a water turbine 14 ft in diam 
‘ mia in drawu vere completed about Au ind equipped with 36 water buckets. Design of the 
ist |. and the work was started on excavations fot hot blast apparatus is not described in the literature 
the foundation of the whee t which was to be the It was built. however, according to a drawing pro 
cowa to the water wheel ind the canal tor ul ded DY Thoma hortl after hi arrival in the 
, the ww materials to the furnace | 5 The furnace was blown in on August 27 and 
\ fow wee heute foundation f the furnace operated continuously until Sept. 10, 1839 when the 
' fw tarted The fur ‘ vas to be oO ft un was discontinued because of difficultse im the 


puratu 


f 4b ft he ma ! Vil id t Isaac McHose The Pottsville furnace of the Crane Co. was the 
a ‘ n Samus ‘ ibsequentiv builder of al cene of a similar experiment in the same yea! The 
t inthracite furnace n the Lel h Valle esult ndieated, however, that the basic approach 
The hot blast stove of the furnace cor ted of four { Thoma who also designed the Pottsville hot 
of 12 arched pipes each. The pipes measured o blast apparatus, was entirely sound. The operation 


umed in August 1840, about one 
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| 
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and bepvan me with Creorve Crane 
Hazard cor need Crane that Thomas could be 
‘ iluable in the thas n England. To 
F athe thy vent to see Thoma Crane and Hazard 
presented Dhoma i cture or the blust 
ID, tn. im thickne in the traigh ection it | ville wi 


month blowing-in of the Crane Co. No. 1 


furnace at Catasauqua, Pa 


The date a memorable and important one be 
caust the Catasauqua anthracite blast furnace oe 4 
proved to be a milestone in the steel industry of the > 
U. S. Thi furnace was the model for the develop 
ment of the entire Lehigh Valle iron indu try 
which was later to give the national armies under 
Ulysses Grant the decisive advantage over the indu 
trially undeveloped South 
To David Thomas must go much of the credit for 
this tremendous new development. By accepting a 
position with an unknown American organization 
he gave the activiti of the young and energeti 
people all he had—-his knowhow and his love of the 
iron trade 
The first Thomas furnace remained on blast until 
it was ruined by the great flood of January 1841. In 
the period of the six months of operation the furnace 
produced 1080 ton of iron with the maximum 
weekly output of 52 tons. In the meantime, the ore 
mines had to be developed and transportation of raw 
materials provided. Ore mines were established in 
the immediate vicinity of the furnace with none of 
the hauls longer than 32 miles. The metallic mix wa 
on the average 25 pet magnetite and 75 pet hematite | j 
The No. 1 Catasauqua furnace was blown in again See 
on May 18, 1841 and until it hutdown on Aug. 6 
1842, produced 3316 tons of pig iron im 
Thoma now famou Wa highl respected : 
throughout Penn lvania. He was frequently con Profile view of a 19th century anthracite furnace 
ulted by enterprising men on various problems en 
countered in building anthracite blast furnaces. The 
first ones to follow in the footsteps of the Crane Co duced on the average 300 tons of tron per weel 


vere H. Post of Stanhope, N. J., Henry at Scranton Starting with 1857, the furnaces held the production 


Firmstone at Glendane, Governor Porter at Harri records of all American anthracite blast furnace 


burs and Dt Echert at Reading B 1846. there were each averaving upward of 10.000 ton of ion a 


10 anthracite furnaces concentrated in clusters alongs yeal 
the Lehigh, Schuylkill, Hudson, and Susquehanna Thomas left the Lehigh Crane Co. in 1854 and « 
River tablished his own iron and steel compan vith two 
Thomas was involved to a greater or lesser degree blast furnaces at Hockendauqua, Lehigh Count Pa 
in almost every one of these installations. Usually it The plant was located on the Lehigh River about one 
was only to advise and suggest. From time to time mile above the Crane Work It was connected by a 
however, he drew plans for the installations and a pur with the main line of the Lehigh Valle Kail 
his time allowed upervised construction himself road. The plant was only fou miles from Allentown 
As far as could be determined, Thomas built a total Pa. and was managed by David Thomas and hi on 
of five furnace for the Lehigh Crane Co. in the dee Samuel t was regarded as the example of an eth 


ade ending in 1850 ciently operated plant 
Both Thomas Co. furnace were 18 ft in bosh diam 


The anthracite iron masters were truly progre 


ive. In 1847. a novel experiment was tried on and 60 ft high. They had one common blowing ma 

Crane Co No 3 Furnace, by passing a strong chine consisting of two eylinder blowing unde 
electric current through the molten iron collected yes ire of Bly psi. Pay iron production of the e two 
n the hearth. The thought behind this was to reduce furnaces kept increasing gradually from 17,446 ton 
the pho pho: i content of the iron b electricit in 18656 to approximate! 243,000 ton in 1859. Not 
which at that time was considered a cure for all ill much is known about the fate of the Thomas fur 

his experiment was terminated quickly when the place except that the vere abandoned like other 
current from a 100-cell battery caused only a severe anthracite furnaces early in the 20th centul 

electric shock to the blower foreman but not the Production of anthracite pig iron in America in 

lightest reduction of the phosphorus content of iron creased rapidly from approximately 22,000 tons in 


1842 to 393.000 in 1856, of which 406,000 tons were 


During 1849 and 1850 the Crane Compa! added : 
| Phe 


oduced Penn Vania mushrooming ion 


two ve furnaces t ts famous plar Furnace } : 
ndustry contributed considerably to the changes in 
ind 5 were dentical and measured ft ! bost f 
, the living tandard and socia tructure attern o 
diam and 45 ft in height The blowing en re on . . 
, the oun Jation. The heavily populated areas of 
both these furnac¢ ere the la est ide heret 
th “astern basin represented strong drawing point 
fore in the U. S. They had a 7-ft-diam cylinder, a ules | woe or 
for the European immigrants to the | >, who in 


industrial 


furnace vere too short for the volume o 
avallable air (9900 cIm) Consequent! the were The final part of Blast Furnace t Ss A. will ap 
1 from then on, eact re pear in a forthcoming issue of JOURNAL OF METAI 
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psi which wa quite isual in impetu of the prowling world powet 
the fou +t rth f operation it became evident 


The Cleveland 
High-Temperature Materials 


Conference 


A Technical Summary 


“The development of new high-temperature alloys which are 
based on the high melting point refractory metals will be ex 
pensive and there will be many difficult problems to solve, but 
the stakes are high.”—R. H. Thielemann, Stantord Research 
Institute 
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‘ A ExTR 


RIM B4% FR iA 


R3M AS EXTRUDEL 


TEMPERATURE °F 


Fig. |1—Tensile strength of wire drawn from aluminum 
powder extrusion as a function of the annealing tempera 
ture R3M is an atomised powder with an average particle 
diameter of 34 and MD 2100 is a flake powder with an aver ‘ ! 
age flake thickness of 08, 


Ree T 


F 2— Effects of Id reduct Co-20 t Cr 15 pet 


Glenn Fritzler Haunes Stellite Co 


Haynes alloy No 25) 


Ir'wo wrought cobalt-base alloy have been ap Table | Effects of Cold Reduction and Aging on Co Cr W_Ni Alloy 


plied to solve peciic high temperature problem Sheet Short Time Tensile Properties 
within the last decade. One of these alloys having 
0.40 pet C has been used principally in the forged Indes 
Vield of Vield 
olution-treated, and aged condition for rotating Test Itimate Strength Strength/ 
‘ ‘ Temper Tenstle Pet blongation Density 
part turbo uper harges and turbojet while a ature, Strength, Psi Offset, Psi in 2 In, Pet in 


econd was originally designed to be used in the so 


lution heat-treated condition as a readily fabricate d Solution Heat. Treated Condition, No Cold Reduction 
7 j cont 7.000 201 

heet material for afterburner component As Rolled Condition, Tested After 10 Pet Cold Reduction 
since many of the recent engineerin develop ane 197 500 
mental project require increasing amounts of high mond 94 67,000 
41.000 26.000 165 

trengtn sheet, experiments have been conducted re Nged at 1SH0°R Por 16 Mr, After 45 Pet Cold Reduction 
cently to explore whether strain-hardening and ag 

Need at For 16 He, After 10 Pet Cold Reduction 
ing of the Co-Cr-W-Ni-low carbon alloy could in 106,500 a 

Need at Por 16 Hr, After 15 Pet Cold Reduction 
crease high temperature yield and rupture strength 200 417,000 116.500 65 50 


Fig. 2 show room-temperature tensile test result 


from specimens which were reduced up to 20 pet in 


been established for this index to reach at 1200 °F 
\ plot of yield divided by density indices is shown in 


thickne by cold rolling operations. A second serie 


of specimens was given similar amounts of reduc 


tion and then wa ibsequently aged for 4 hr at Mi §. Although the target of 800,000 was not at 

1100°F. One may see the marked effect of cold work tained, improvements in the index were achieved 
on increasing yield strength and lowering elongation It is beheved that moderate amounts of cold work 
value however, even at 20 pet reduction, there wa from about 5 to 20 pet followed by the relatively 
27 pet elongation retained in the sheet which might lower aging temperature (1100 F) will be beneficial 
indicate sufficient formability. It may be feasible to in improving high temperature strength in the ses 

proce heet material which is in a cold-worked ice temperature range where transgranular failure 


temper corresponding to the range of 10 to 20 pet vould be expected. Recent electron micrographic 
reduction and then to age the sheet prior to ex} — ind optical metallographie tudies have revealed 
man mae in t prio il 

to heat in service. Table I give ome short time te! that relatively coarse M,C particles are formed afte 


le properties obtained from sheet specimens in the l6 hr at 1380 F, while the lower temperature treat 
olution-treated, cold-reduced ind cold-reduced ment of 4 hr at 1100°F did not produce the same 
plus aged condition. Marked gains in strength may abundance or as discrete particles. The larger par 
be derived from the cold-reduced tempers and. also ticle produced abundantly by cold-reduction fol 
it appear possible te iin additional benefits if the lowed by apit for 16 hr at 1380 F may be penerally 
proper aging treatments are administered to pre more effective for hort time improvement in 
iously cold-reduced material trength and life at temperatures where intergranu 
The yield strength value divided by the densit lar fracture would be expected 
ves an inde which ised as a quide by mate ipture tests from 15007 to 2000 °F were 
engines party : n the selection of material conducted on bar stock specimens which were cold 
for design ad ierial vehicle A voal of 800.000 ha yvorked and aged. Significant increase in rupture 
ve ip to 2000 F were obtained with 10 pet cold 
. ‘ : greater amounts of cold reduction did not yield a 
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rion Ma achusett Institute of Tech 
e found application in two important 
of these involves materials for ari 
f tool ind in thi irea the cemented 
achieved an unqualified out 
competito Producible reliably with a 
f propertse we ee them in a whole 
ppheation ich as fine finishin ind 
ne tool vire drawing die rock drill 
vir tool ill serving faithfully in the 
ersuading a reluctant solid into useful 
area of appheation of cermets has in 
il from Vhich to make tructural 
h temperature service, It was only natu 
t thre ind of material which had been 
the tool field would be a possible an 
mmponent vere modified to meet the 
I'he mportant new criterion of 
nereased resistance to oxidation. A host 
' f hard phase and binder metal 
idied and presently the metal-bonded 
cle oup of alloy inds well in front 
pre-eminence that thi roup enypoy ! 
thar inherent in the nature of the mate 
ertainl i considerable portion duc 
tude and intensity of the attention it ha 
it event, if we look bach ‘ the 
he i believe we must ad 
el neerin development cor 
em t | ‘ eached a t of plateau 
best efforts have not beer ible to pro 


egate 
loadit 
of the 
truct ‘ 
and size 
mner in 
ind the 


fairly 


have 
mechanical 


propertie 


the 


1s to the prope ies of hard phase, we 
‘ poor po on. Only e! approximate esti- 
mate ive available as to the overall mechanical 
properties of these ibstance In order to obtain 
the required information it imperative that pure 
ngle ¢ tals be prepared of such a size that the 
properties can be measured and thei iriation with 
temperature and crystallographic direction be dem- 


deal microstructure consistent 


vith the properties of the component 

One might conclude that the ideal structure would 
be one of small grains of the hard phase in the form 
f polyhedra regularly packed with very thin layer 
if binder metal between. Or alternatively, an array 
of spheric particles of appropriate size distribu- 
tion to e dense packing but again separated by 
thin films of binder. Possibly a compromise is re- 
juired 

And of course one should not overlook the possi- 
bilities of a fibrous texture in which long rod like 
( tals of the hard phase are embedded in the metal 


What means do we have available for obtain 
ng the tdeal microstructure n the finished part? 
Assumit that the cermet is made by powder! 
metallus technique the sintering process itself 
fle: ittle in the way of external control, The time 
ind temperature of sintering cannot be varied over 
el vide ranges and the variations in the atmo 
phere are limited. This means that the ignificant 
contre must be inherent in what goes into the fur- 
nace. In short, to obtain the intelligent answers, the 
vhole problem of sintering in the presence of a 
liquid phase must be studied in much more detail 
than has in the past 
tefore considering the details of the program, it 
necessary to take a very good look at the goals to 
be won. Such a fundamental program of learning to 
inderstand, applied to the metal-bonded hard metal 
would, I am confident, result in material ignifi- 
cantly better than those available today. What we 
must decide is whether this rather formidable effort 
not directed toward too limited an objective. Are 
the cermets in the sense that we consider them today 
ilready out of date’ I feel very trongly that the 
high-temperature structural materials of the future 
vill involve some of the members of a group consist- 
! of the oxide carbide nitride boride alum) 
cide vermanides, and possibly stannide 
f the transition metals and | believe that we have 
no othe alternative but to pre on to a better and 
r" e intelligent understanding of these material 
We have concentrated on the problem of making 
hardware and as a result we have neither the hard 
vyare we want nor the understanding. If we now 
meentrate on the understanding, I believe a supe 
brand of hardware will be an automatic conse 


Chromium-Base Alloys for 
High-Temperature Applications 


rR W Fountain and M. Korchunsky. Haynes Stellite 

Qo the irface it least, chromium possesses many 
if the properties generally considered to be import- 


tior 


~ AGED MARAT velop the idea we must complete answet! 
15% to three question 
4! 
* BY EXTRAPOLATION |) What are the Mus Of the 
‘ components? 
bey 
6 20) 16 onstrated 
TEST TEMPERATURE 9) What the 
e treat 
ent to be 
j clical 
From th 
if if 
‘ 
¢ 
Cermets and Bonded Hard Metals 
John TO Ni 
nology 
Cermet 
ite 
is kind 
carbid 
w ict 
¢ 
hape 
‘ 
part 
wer 
‘ 
titan 
Part 
t 
7 
thie 
ecemveod 
mit that a 
‘ ed we 
i nihheant breat quence 
It sever to me that the | 
nust be related to 
component 
microst I mean the 
fistributior hard phase as w 
. vhich the t phase distribute it 
hard partiele If thi correct then in order to de- ant for high-temperature applicalll 


In view of these properties, considerable effort ha 
been expanded to design chromium alloys for high 
t Most of the 


relates to their resistance to defo! 


emperature ervice information on 


cnromium all 


mation at elevated temperature while only recently 


has attention been given to the physical properts 


The most serious problem which has prevented the 


itilization of chromium-base alloys is their brittle 
behavior at room temperature, which 1 hown not 
only in the highly creep-resistant alloys but also 


by the Ie trong alloy 


even when in 


and chromium metal itsel! 
relatively pure form 


Experience gained from studies on the plastic be 


havior of other transition element indicated that 


the room temperature ductility of these body-cen 


tered-cubic or hexagonal-close-packed metals can 
be tremendously improved by reducing the amount 


of impurities below a certain critical level, It aj; 


peared the same should be possible for chromium 


and therefore much work has been concerned with 


the preparation of high-purity chromium and dete! 
mination of its properti 
at the Bureau of Mines, who studied 


the mechanical properties of electropolished wrought 


e Investigator 


‘ 


chromium wire prepared from hydrogen-reduced 


electrolytic chromium, obtained an elongation of 25 
pet with an ultimate strength of 70,000 psi, using a 
low strain rate 

e Tensile properties of fully reerystallized chro 
mium were determined at temperature ip to 800 C 
and virtually no ductility was observed below 350°C 
Above this temperature, the 

abruptly, reaching a maximum of approximately 50 
pet elongation at 400°C At 500 C the elongation 
droy pe d to about 30 pet but 


with a further increase in test temperature. The ul 


ductility increased 


ibsequently increased 


timate tensile strength tended to increase with tem 
perature, reaching a maximum of 40,000 psi at 
00 C. These data indicate that structural use of 
pure chromium metal in very high-temperature ap 
plications appears unlikely 

found that 


worked 


e Investigators at the Bureau of Mine 
arc-melted chromium which could not be 
below 500 C could, neverthele be cold-worked up 
to 60 pet by inte 
190 C) after each 5 pet reduction 


mittent refrigeration to liquid al 
temperature { 
made to explain this phenomenon po 


ductile 


Suggestion 
tulated the existence of a low-temperature 
modification of chromium 

e It ha been found that 

ties of chromium show, with changes in temperature 


various physical proper 


anomalies which have not been satisfactoril ee 


plained. The most striking of these are the discon 


tinuous changes which occur at approximately 37 C 


in Young modulu internal friction, resistivity 


thermoelectric power, and coefficient of thermal ¢ 


pansion. These changes are attributed to the proj 
erties of chromium itself and apparently are not 


caused, a ispected earlier, by the presence of in 


puritie particularly Cr.O,. There are no indicatior 
f an allotropic transformation of chromium at the 
temperatures at which the abnormal behavior take 
place, and the lattice parameter shows only a slight 
break. The difference between the variation of the 
lattice constant with temperature and the linear 
expansion data suggests, however, that there Is a de 
viation from the ideal body-centered-cubic arrange 
ment on passing through the transition, correspond 
denser packing above the transition thar! 


‘areful measurements revealed that the lattice 
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Fig 4—Effect of nitrogen content on the bend transition 
temperature of hydrogen reduced electrolytic chromium 


W_ H. Smith and A. Seybolt) 


| irprisingly high, accounting for about one third 
of the total thermal conductivity. In this respect 


chromium differ from all other transition metal 


au similar behavior being observed only in beryl! 
hium Chromi im also exhibit unlike other tran 
tion elements, a definite antiferromagnetic behavior 


the Neel temperature bein about 200 C 


Yo explanation of these phenomena has been 
offered a et, and there is no evidence as to 
is an interrelation between the ef 
fects of temperature on the physical and the me 
chanical properts of chromium 

brought about an al 
most complete reversal of opimion on the embrit 
tling role of oxygen, It ha 
element doe not have an appre 
clable effect on the brittle to ductile transition of 
as-cast chromium. As the transition temperature 


of chromium appeared to be insensitive to large 


been found that up to 


variation in oxygen content, investigations appeal 


to indicate that nitrogen 1 the most detrimental 
impurity, the critical nitrogen content being as low 
as 0.002 to 0.003 pet or even I uu hown in Fig 4 


Nitrogen in solid solution 1 more detrimental to 


ductilit than when precipitated as chromium nit 
ice 


\ttempts to minimize the harmful effects of these 


nonmetallic impuritie by additions of scavenging 
element ich as aluminum, tantalum, titanium, o1 
Zircor im vere q al appointing Partial 
was achieved only by cerium addition 


lhe detrimental effect of metallic alloying addi 


tier mn the ductility tends to pass through @ maxi 
mun ind at still higher alloy contents an appre 

( of ductilit cul attained Among 
the high-purity chromium allo investigated, the 
( ke, ¢ N ind ¢ Co tems exhibit a signif 
cunt ‘ f fabricabl alle composition To 
maintain some room temperature tensile ductilit 

ne er, the limiting chromium content appears t 
be about 65 pet for the Cr-Fe, 60 pet for the Cr-Ni 
and onl 40 pet for the Cr-Co tem In addition 
to the effect of composition, the tensile ductility of 
these a depends on the amount of hot-working 


Ihe icc ful solution of the chromium puri 


ductilit of hromiun 


chromium-base allo 


of 


fication problem, however, has not fu ibstan . 
below tiated the original expectations that higher purity ¥, 
vould result in adequate 
component of the thermal conductivity of chromium metal and, consequentl \ 
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, Lhe ter luetilyt of } ry im has heer emarth while the eduction in pre ire over the melt low- 
} my ed and the temperature of transitior ‘ the is content, the volume of porosity in ingot 
! huctile brittle fracture ibstantial ov caused by is evolution upon solidifica 
ere ry ‘ howey have heer ry not he educed 
fermined of inicle certain testir conditior mad Hydrogen and nitrogen analyses may also be low 
clative mia mpl Phe overall ductilit ered by the CO boil discussed in the next sectior 
: " purest chromiun i ble t ema belo Reaction with water vapor are important but have 
the ove enerall ed ed fe er res nu been thoroug! liscussed in the past 
‘ In the field of echror int | the ef B) Carbon deoaidatior If hydrogen - 
ind hot-workal ewer Lect hecorme the principa ource of pore ty under nor 
It err ! t bee eer whether the duct t f mal atn phere n iron and nickel-base alloy To 
rrigate il mpre at proce prevent U eaction powerful deoxidant are 
te educe the | olved en and to act a 
. It must be realized that th ather dim picture bulk furir olidification to prevent CO forma- 
based on the result f relative few studi nd tion r} practice leads, of course, to the familiar 
; dditional researe} needed to ey iate more con pinel, corundum, and glassy inclusion This 7 
plete the effeet of nitroger which considered te probabl r ‘ mportant in bearing tecls 
be the on t harmful impurit Furth more thi mn high temperature alloy 
that the eritica mpurit eve m ob educed pre ire. the reaction C 
int be mw that obtained the present purif ( ) proceeds to the 1 ht fa beyond the 
cutie method ema trict eculative fi ] tr In fact. the evolution of CO 
This tematic study of the effect of metallic ad guid can be extremely violent if the pre | 
n the tion temperature be ‘ educed tor ipidls The CO bubble 
cont It has been observed that there may be in interface for diffusion of H, and N, from 
elationship between the trar tion tempe ature f and thereby tend to weep out the vast 
the element within the periodk bam 
C M A linn, University of B 
p 
Michigan $575 7 
Vacuum meltin or more ere ill the vi tio 
where the vapor pre int the 
itt md melt atmosphere du ! ‘ 
, heat of vane ation, and B a characte! tie 
mid can have effect on contre ol 
content mad control of minor element (normal ' 
I} However, we are usually interested in traces of 
meatus ) ene Will thee cor dered in 
elements dissolved in nickel or iron. In these ca 
ve can, at ‘ roximation 
Control of Gas Content ‘py 
of the escaping (es 
\) Reactions between melt and atmosphere (H 
tial pressure of an element wi 
{ ©) In the meltin md refinu of metals for 
ts mol fraction time the pre i 
ele temy iture ervice the ise of mar 
. the equation above. Deviations f 
‘ tre or er er anal 
fition can be evere and therefore, 
of activities are needed for many 
wr i 1 rit the mpheation of en 
feduction of trace elemer 
) 
thy iV ofma It il cise 
; f trace elements from crucible materials I=! 
(; nd, ear ed a proportionats hare of attention until 
ecent The reduction of zirconium from zi 
thy } f aton ‘ 
na conia off an interestiu example in the case of the 
and or Dust 
tivity G) be on-base alloy we know the equilibrium 
(acti 
onstant for ZrO.(s) ac > Zi 
tivity G 
) 
Try thee peer cuse fa fom } ! Ke base allo one app mach to use data 
er nd nitrower t} become t} fan , f juid iron, assuming the activity of the carbon 
evert iwiif we a ime Het iw hold ‘ ind a im in the nickel alloy will resemble that 
that act proportional to we ht percent and VES of the order of 10° atm 
i ‘ ‘ In othe vord at refining temperature f the 
Phe pressure of CO educed to 10° atm at equilibriun 
pet H pH ! ippreciabl conium should be found in the melt 
The eactiol therefore favored by the low pre 
t} vit is tant nut ine f the vacuun furnace 


The Los Angeles 


Reactive Metals 
Conference 


A Technical Summary 


“EP submit that in our country, under a social and political sys 
tem granting free rein to the initiative and creativeness of its 
people, many hidden mineral resources that otherwise would 
have lain fallow have been developed into productive enter 
prises to the benefit of our national industrial economy.”- 

James Boyd, formerly Director, U. S. Bureau of Mines, now 
Vice-President, Kennecott Copper Corp., speaking at the Con 
ference dinner. 


oo for Today and Tomorroy Wi million Ib annually. Like titanium, zirconium 1 
theme iw Regional Reactive Metals Con very susceptible to the absorption of interstitial ele 

ference, he in Los Angeles on May 28 and 2! high temperature however, it can be 
one could not help but acquire the enthusiasm th dily fabricated by casting, forging, rolling, and 
both i peakers and audience held f eu welding 

ject. The feeling that big things either are hay nin Porosity in Formed Titanium—I!l Ro Ogden, ROA 
Wood, D. N. Williams, and R. 1. Jaffee, Battelle Me 


who work with these 18 odd metal with ff course morial In 


the major hope be pinned 1 propulsion and surface pitting and internal voids have been 


] 
or soon will happen seem f ic among those 


nuclear reactor problem found in formed titanium parts and in laboratory 

Although many f the projects repor \ bend and tensile sample These defects have been 

ly b ublish completed rese: named strain-induced porosity becuuse they onl 

at which advances | being made fi form in ureas Which have been highl trained, gen 
demand i ummarys rally r triaxh ! conditions. Porosity in 

howing the n train and increasing tem 

earch is taking weorutul ern) most \ in the temperature 

00° to 700 F, at strains beyond the in 

Hafnium, zirconium, and titanium erent uniform 
Hafnium—lIts Metallurgy, Properties, and Applica- rain decrease While the pre 

tions— FE. T. Hayes, U. S. Bureau of Mine ae A teh promot formation of porosity 

Hafnium hy ast rig Ti f i tressed area near the root of the 


elongation of the maternal Increa 


commercialh larkabl hen al ul venerally located in grain bound 
imilaritv to zit lean an refri al or interface between impurity 
nature combine t th if phase and the matrix 
$100 per lb. The metal m } ted an rkee The Ti-7 Al-3 Mo Alloy: A Review of Its Develop- 
using the same precaut bsery y th ‘a ment and Properties—F. A. Crossley, Armour Re 
nium and zirconium indi ry “vo iti ni earch Foundation 
gh atom ht levi ( »- The Ti-7 pet Al-3 t i as excellent com 
in both Widman 
ictural condition 
Widmanstaectten 
olution treating ut 
mukes it an lient 1 lator for rti ny i 1500 F olution =«treatiny 
ypes of atomic wer reactor! axed mi rial j 1600 F for 1 hr and wi 
Min ju aging at 1000 F for 2 hr generall 


approximately 200,000 psi and 
t elongation and 10 to 25 pet 
The upper temperature limit for 
lal heat treated to high strength 


ned Thi po ibility that mate 
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wets! 
* 
“ie 
Zirconium is of interest for nuclear energy appl esults in strength eo 
catior because of it high melting point, excellent fuctility of 5 to lf i: 
cor! on re tance and litable mechanica ma eduction in area ae 
physical properts Current commercia produce pplication of mate 


A WH ROBERSON, Bureau of Mines 


graphite tor titanium casting These molds may be reused 


Laminated machined 


many times In the event of breakage only the damaged 
part requires replacement. This feature extends mold lite 
and lowers mold cost to a competitive level This mold as 
sembly has been used repeatedly without major repairs The 
entire assembly consists of 18 segments 


sul tow 


ivated 


Fabrication of reactive metals 


The Vacuum Melting of Reactive Metals in Are Fur- 


maces thelton, Oregon Metallurgical Corp 
wtive metal 
them a ound it 
iccomplhi 
ome torm 
ulmost 
ved 
dey 
Inevi 
wu field for 
nm metaliu al treatment 
concept and method for 


and cor en | 


mechanical 


Extrusion and Forging of Reactive Metals—G 
Machine Co 
have been 


found 
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Welding Reactive 


ifton 


Metals 
un and molybdenum are the 
on which the most welding 
been done. The mate ils cur 
ion welded and three 


eld proce ‘ can be used 


Application of Powder Metallurgy in Nuclear Engi- 
Hausner, Penn-Texas Cory 


The four new n 


neermye 
powe! 


eactor ive be iranium and 
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Diaphragm valve body and machined graphite mold 
Laminating the mold makes it possible to transpose draft 
from the mold-casting interfaces to tapered wedge blocks 
This allows greater draft to be used and at the same time 
reduces mold breakage. A taper of at least 7° is recom 
mended for easy removal of the wedges 


in the form of pure metal 

cermets, and zirconium as a material 
especially for fuel cladding. The 

four metals are to be used usually 

pI ree of purity. Greatest care has to be 

rved in handling of these 

and they are to be 
liflerent 


metal in powde! 
treated in an entirely 
manner than copper, iron, nickel, and 


There 1 


r powder metallurgy in nuclear engineering, and 


other ordin powdet a definite place 
metallurgy will 
role in the devel- 
iterial and component for 


indication are that powder 
play an important, if not decisive, 
opment of mi nucleal 


r reactor: 


The alkali metals and thorium 


The Alkali Metals: Present and Future —— Marshall 
The American Lithium Institute Inc 

metals ure booming in importance 

odium in metal reduction process 

int for lithium in making synthetic rubber 

w availability of rubidium and cesium salts in 


Market 


alkali metals are all on the 


nage quantitie are all making new 
trend for the variou 
ipswing. Available in pure form in increasing vol 


ite they ound appheation today and won 
ibilities for tomorrow 
Thorium in Atomic Energy 


Thorium is a 


dertul po 
Wool ey, Jr 
ource of nuclear fuel, not a fuel in 
The three primary nuclear fuel materials are 
anium-233, and plutonium-239 
ionable fuels occurs naturally 
two being produced by neutron bombard 
Such bombardment of 


ibsequent radioactive decay of in 


natural material 


oduct result in production of the 
iranium-233. The nature of the Th- 
uch that, with a properly designed 

breeding that | the 
atom of urani 1-235 for 
233 fuel cycle 


production ratio and hence 


achieve 
each 
ide 


breeding in a herm 


kely to allow 


Titanium castings 
heat treated to high trenvth can be overayed 
tability Vit) cut wrifice of 
the hould be invest 
producing 
tie 
A 
ided 
ind forged, and have Mii a place in the design a 
cof thie i cratt Zirconium ha just 
ecent entered the extrusion and forgir field 
the encountered during fabrication 
been found to be milar to titanium, and, lke 
titanium. much different from better known metal 
Precuutior ! ist be taken to et! ire a usable on 
! thie equired dimensional cont iratior 
three mes it metallurgical structure and p op 
} om 
thorium, ad 
termediate p 
fuel material 
ysten 
reuctol 
production of 
oned The 
highest neutron is the 
reactor 


Integrally cast '4 in. titanium chain made in a graphite 
mold. This illustrates the complicated shapes and excel 
lent detail possible when properly designed molds are used 


Consumable electrode casting furnace developed by the 
Bureau of Mines at Albany, Oregon. The furnace operates 
under vacuum and utilizes a tilting water-cooled copper 
crucible capable of pouring about 100 Ib of metal 


Commercial Methods of Processing Lithium Ores 
is Cohen and E Berthold 
Chemical Corp 


imerican Potash and 
e Lithium Corp of America recove lithium from 
podumene by roasting and treating the roasted ore 
with acid The lithium ulfate so formed | ( 

tracted with water and converted to 
Lithium hydroxide can then 


lithium cat 
bonate with soda ash 
be made from the carbonate by treatment with lime 
e Foote Mineral Co. mines and concentrate pod 
umene by flotation. The concentrate are roasted 
with an ex of limestone, and the resulting 
clinker is water leached to extract lithium hy 
droxide The lithium hydroxide is recovered by 
evaporating leach liquor to produce solid lithium 
hydroxide monohydrate 

e American Lithium Chemical 
from Africa. The lepidolite is roasted with lime 
tone and the ine leached with water. The 


roughly the ame a the one ised by 


import lepidolite 


proce 
Foote ¢ xcept that a lower roasting temperature 
ised. The 


complicated by the presence of variou 


recovery of lthium hydroxide 
nonlith 


alkalis also extracted from the le pidolite 


High melting metals 


The Primary Fabrication of Are Cast Molybdenum 
and its Alloys—A Molybdenum 
Co 


Timmons, Climaa 


Are cast molybde num and it alloy ure produced 
in the form of cylindrical castings weighing 800 to 
19000 Ib 


Unalloved are cast molybdenum, reduced 


than 90 pet requires the minimum te 
f 2400 F for rec 

emi-commercial alloy 
f 2800 F for reery 


commercii rt hop and teel ro 


tallization and 
require temperat 

0 tallization 

isually limit to temperatures neat 


preciuded 


temperature near 2300°F ha 


Extrusion at 
proven to be the most succe ful operation for ac 
complishing the initial (cold) breakdown of the 
cast metal. Extruded 


produce complete recrystallization can be wrought 


ections after annealing to 
uccessfully on hammer, pre or rolling mill to 
produce desired semi-finished product 

True hot working has been accomplished in a 
ingle extrusion experiment in which a cast ingot 
was extruded at 3000 F. The extrusion exhibited 
the hardne of annealed molybdenum and tran 
markedly 


verse propertie of the extrusion were 


uperior to the properties of extrusions produced at 
The Metallurgy of Vanadium = W. Rostoker, Armour 
Research Foundation 
Future uses of vanadium and its alloys will be 
based on providing some optimum compromise of 
two or more mechanical and/or physical propertse 
At present, there are at least three possible appl 
cations for vanadium alloy 
1) Weldabl 
loy for 
1200 
2) Fuel element cladding for fast reactor 
nterdiffusion, hot 


ty are consideration 


trenygth heet 
ervice at temperature up to 


formable« high hot 


uirframe 


where 


trength, and thermal conductiy 


$) As a diffusion barrier between titanium and 
teel in the manufacture of clads between these two 
metal 
Physical and Mechanical Properties of Columbium 
J. H. Bechtold 
The demand for 
at high temperatures has resulted in con 


Westinghouse Electric Corp 
improved structural materi 


esearch on the refractory metals. Because 
ww density, high melting point, good ductilit 

and promising elevated temperature strength, co 

attractive particular] 


lumbium particularly 


When compared with those of the other refractor 


metals in groups 5A and 6A of the periodic tabl 
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Swedish Oxygen Steelmaking 


In Sweden a rotating oxygen converter has been developed 
to produce open-hearth quality steel from high-phosphorus 
hot metal. Previously, the basic bessemer or thomas process 
with its quality disadvantages was used. The new method, 
called the Kal-Do process, is now to be installed in a second 
Swedish plant. 


by Folke Johansson 


from ore, although it could also be used for melting 


pena PICAIL tests to decarburize blast furnace proce i itilized for reduction of iron directly 


netal with pure oxygen were tarted at Dom 


uve eder ince the direction of Professor: crap in areas where serap is plentiful Most of the 
Mo Kalli is early as 1948. Using available high ore and lime additions are made before charging 
phosphoru ron, it proved necessal! to maintain a the hot metal, and further additions are made afte 
t t ! and effect to vet the desired the phosphorou lag has been tapped 
lephosphor ition ifter decarburization lo bring It has been found to be advantageous to tap the 
! t tl timate mixing between ig and metal phosphorou lag twice. As a rule, the first slag-of! 
tutin f-ton furnace with maxinun peed of vill be at 0.2 to 0.3 pet P, which analysis can be ob 
WO rpm wa ied. wy the rotating peed of tained with only 3 pet total iron in the slag At the 
this type furnace, it was found easy to carry out the econd, smaller slag-off, which is done at about 1 pet 
euctiot o that dephosphorization could take place (°, the phosphorus is u ually le than 0.1 pet To- 
even for h-carbor tee! ether, these two phosphorou lig amount to 300 
Vbout twe eu avo it was decided that the Dom to 400 Ib per net ton of blast furnace tron They con- 
' t steel plant should have it imnual ingot pro tain, on the average, 16 to 18 pet P.O. and 5 pet ke 
duction tmereased by 100.000 tor based on local ind «are old for fertilizing purpose Except for 
we as the y materia rhis was the opportunity these two stops for tapping phosphorou lag, there 
to prove the pilot-sceale results in a full-scale pro isually one additional stop for temperature and 
duction unit. and a 40-ton rotating furnace was built carbon control when the latter is 0.10 to 0.20 pet 
u“ ling to Stora Kopparbe deus by the Dama ibove the objective. The tapping temperature can 
( mn German Since the turt in May. 1956, the be kept within very narrow limit 


nol the furnace has proved itistactory 
me that can be turned on trunnions for different The Kal-Do proce is independent of hot-metal 
tiot of chargin blowing, and tapping. The analysis. It has, in fact, certain distinguishing char- 
ibout LB ft lor vith an outside diam of acteristics which are important for those plants util 
ft In blowing position. the furnace is inclined izing low or medium phosphorus hot metal 
t here ef we lume and | tect the bot { ng American-type hot metal of 0.1 to 0.3 pet 
! erheating The oxygen is blown into the Pand | pet Si, it has been found feasible to add only 
furnace above the bath irface as much lime with the hot metal to give a lag 
basicit ‘ than 1.5 (CaO MvQ/Si0.) after most 
The Kal-Do Heat Cycle of the silicon has been oxidised. At Cis besichy & 
fluid slag can be obtained at 1500°C without FeO o1 
Phis proc (named after the originator, Kalling other fluxing materials. With the possibility of ap- 
nd the place, Domnarvet) bew ised at Dom proaching equilibrium between steel and slag due 
ett lecarburize high-phosphorus tro ibout to the high rotating peed in the Kal-Do proce 
pet P, to steel with low S, P, and N. The mair the FeO content in the slag can be reduced to only 
part of the phosphoru oxidized before the iror 2 or 3 pet before lag-off. Thereafter further lime 
and carbon its brought down to 


The large exce of heat, which ts obtained in the the desired content. On these heat a toy ! also 
made to control temperature and carbon betore the 
FOLKE JOHANSSON is Assistant to the Director of Research at final blowing 
Stora Kopparbergs Bergslag A/B at Domnarvet, Sweden. This paper The first slag is not basic enough to bind pho 
wos presented at the AIME Annual Meeting, New Orleans, Feb phorus and ilfur, but the required dephosphoriza- 
rwary 1957 tion and desulfurization can be obtained with lime 
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Swingabie hood 


Exhaust 
goses 


worer 
\ 


‘ 
Onygen./ 


Above is shown a diagram of the furnace body, with the 
positions for charging, blowing, and tapping indicated. The 
vessel is about 17 ft long and has an outside diameter of 
ft 


added after the silica-rich slag has been tapped off! 
To bind the phosphorus this slag doe 
to be melted. The main part of the basic, end slag, 


about 15 pet Fe, can be returned to 


not even have 


which contain 
the proce and reused 

On experiments with a medium phosphorus tron 
0.27 pet P, both a silicate slag and a pho 
were tapped off to insure a low 


containing 
phorus-rich slag 
phosphorus content. Unfortunately there has not 
been sufficient opportunity to make more than oc- 
casional heats with this kind of hot metal, because 
for these tests cold pig iron must be remelted in an 
electric are furnace. With more experience the re 


ults will, of course, be improved 


Raw material considerations 


Application of the Kal-Do process to pig iron with 
high phosphorus content has already been discussed 
In Europe, the basic bessemer hot metal can be pro- 
duced $4 to $6 per ton cheaper than ordinary 
open-hearth hot metal. Furthermore, the basic be 
emer slag will credit the process with some $4 per 
teel. B 

P, it is easier to bring the phosphoru 
Kal-Do rotating furnace than in 


ton of it with hot metal of more than 0.2 pet 

down in the 

tationary con 
verter 

an advantageously be used for cool 

ap. According to Stora Koppat 

ich a high quality ore for decar- 

required in open hearths or electri 

for the Kal-Do proce At 

creened from ordinary blast fur 

charging mall 


furnace Is not necessary 
Domnarvet, fine 
nace inter ; used, Continuou 
rv” sponge iron can be done 

and should produce real 


been tested only in small 


Only burned lime i ing used for slag form: 


tion, but it would naturally ible al t 


limestone. } 1UXINg being 


the proce at Domnary 


Here the furnace is shown in charging position 


Heat economy of the process 


The greater proportion of the carbon in the hot 
metal is burned to CO. in the Kal-Do proce there 
is thus considerably more heat developed than in 
other oxygen processe 

Using hot metal of 3.6 pet C, 0.3 pet Si, 0.7 pet 
Mn, and 1.9 pet P, an average of 300 Ib of 55 pet Fe 
inter is melted, the hot metal temperature being only 
about 1250°C. This is in addition to 280 Ib of lime 
with up to 20 pet ore. For hot metal with about 4 
pet C, 1 pet Si, and low phosphoru ome 240 to 280 
Ib of sinter has been used for cooling. When shorter 
heat cycles and higher hot metal temperatures pre 
vail, still more iron can, of course, be reduced di 
rectly from ore 
proven how much scrap 
but at least 40 pet of 
ible and 


Experience has not ye 
lted Iti tead of ore 
the weight hot metal 1 


practical 


undoubtedly po 


Steel yield 


Kal-Do offer the possibility of high ingot yield 
but unfortunately there is too much scrap in the slap 
pot and on the pit ide to obtain thoroughly ati 
tory result 


fic Howey on 4 number of control 


heats the following r\ were obtained 


Input Output 


improve the yield, the end slag will be 

this manner the lime and phosphoru 
content can be transferred to valuable thomas pho 
phates wi 20 pet P.O. The steel yield would then 


be from 1 ct higher 
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halal 
er 
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Het et 2000 ib Apr ed pot 1942 ib are! 
Fe ‘ b 
A 
20 ib ‘ 140 Ib 
d furne 4 ib 
Tot Zin b Tat 2180 ib 
advantages. So far thi has 
cale operation 
in 
arts 
| 


‘ 
net Re Anasesof C Si An P § WN 
p 1.2 pe i, 1.0 pet M nd 0.1 pet P, the Hotmeta/ 352 009 O4f 170 0056 0007 
0 ct be rid the SSeS are Ingots O10 066 0028 0002 
too. because of reduced volume Aso high Addi tions, /bs/t hot metal: 
y t met eld « | therefore, be expected lime 220 48 18 2 256 /bs 
rine als he ve Ore 2 J 2 338/bs 
‘ ert thie as beer ed | Stee! 
afte ‘ i the relative %S| in steal ite | Fen 
000} 32 *c 1600 
Fume aspects 240 
In the Kal-Do proce ‘ ‘ hy le esol +/500 
the en hearth, takes place 040+ 160 +1400 
ne ne fu /20+ | 
before the iu formed, but even ther tis u r 
‘ cor ed to othe ome ‘ ‘ume mm r 
boul 2 per ton, to the en. Th 
mount of water corresponds to less than 1 oct ore Blowing 3 £39mINn 
ing the effect 0, hot metal 1285 4 225, 225/50 2080 
In those o here it nec to clean By slag Off: %teinsiag 54% 78 
oh0,in slag 197 IS4 
th tl } 1) that thie ‘ 
Thy ales not or ole to mnount of dust 
tel, The Kal-Do process is quite independent of the hot metal 
A analysis; here are the results of tests on a low phosphorus 
: iron similar to that encountered in the U. During the early 
sis . . stages of the blow some phosphorus was picked up from the 
ert stole ‘ hie ‘ hich 
! ‘ rie } eat ntent 
Furnace lining ’, using ordinary open-hearth quality iron can be 
Phe et furnace Using high phosphorus tron, good desulfurization 
© at can be achieved due to the large lag volume, for 
© hese | a ne CK example from O.O78 pet to 0.019 pet » a a weekly 
‘ } bic) | i ! 
average Phi ilfur is half that of basic besseme: 
} ‘ it tive ifter at it ov 
ten produced from hot metal of the are ulfur 
het With | ‘ cl 4 eat vor } 
W : ' ' hes wee content. This is explained by the fact that the for 
! ‘ ‘ ‘ 1? | ‘ 
' mation of slag in the basic bessemer does not occu! 
el It decided betore the « rpon 1 down to below 0.05 pect at the 
et \" it through ag-off, compared to 1.5 pet C in the Kal-Do pro 
ed ected be ‘ The ‘ efficient desulfurization can not 
be expected using low phosphorus hot metal. How 
it least melt he con it ‘ ‘ 
' Ov evel pet desulfurization has been obtained in 
‘ hye ‘ i ‘ thre he it 
‘ e whirl al the 
' The nitrogen content is 0.002 to 0.003 pet on 
I} eon be ¢ rimmed stee! and 0.002 to 0.004 pet on killed steel 
Phes« have also been obtained using only 95 
eu pet pure oO» en The proce therefore le de 
pendent on high purity oxygen than other oxygen 
| ‘ 
‘ t ‘ ‘ ‘ i i forte 
‘ The « en content in the before deoxida- 
H the same as for ordinary open-hearth steel of 
thie me ¢ bon ¢ ntent Phrou n stator vithout 
it) { thie ‘ tw 
en it | bie to reduce the o en ir 
t } ‘ os the steel even more o that the content will be close 
Wit to equilibrium. It is important for steel quality that 
the tappu temperature be kept within narrow 
; ; at high temperatures without qualitative disadvan 
‘ 
dor irnvet ostly rimmed steel hi: weer 
Steel quality Domn has been | 
duced thus fat it ha proved to be especially liti- 
\ ead entroned. the tie ble for deep ind wire drawt Steel with a 
te t ‘ carbon content, f example a maximum 
adie f the pl ‘ ‘ eta 0.02 pet C, can advantageously be produced in the 
| Ka I ind il il be not rt it i W 
! por | i 1 il uu ) pet i anese ¢ ntent jue to low ful il il 
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Analyses of Si Ma P SS WN 
Hot meta/ 382 075 0.16 0.081 
Ingots dis 067 Ocis 0028 


Additions, /bs/? hot metal: 
lime 5% 72 
Ore 48 82 
“PT 


- 2 126 /bs 
12 2242 /bs 


| 5, \Stee/ 
| 
320} 1600 
280+ 
240, /$00 
200} 
feo} 4/400 
1300 


. 
2 30mn 
2 (5100/1 


17 
880 


Blowing time./tin 
Ott/? hot met 420 4 
By slagottafe in slag 2.1 


30, 136 


A Kal-Do blow on a medium-phosphorus hot metal charge 
containing 0.27 pct P. A silicate slag and later a phosphorus 
rich slag were tapped. A much lower phosphorus content 
might have been achieved through additional lime 


are expected to dominate the Kal-Do fur 
Domnarvet 


furnace 


nace at 


Ec 


Additions, /bs/t hot metal 


Blowing time. 


By siag off 2h in slag 33 


A large number of semi-killed heats have been Phese ‘ esume one extra vessel for relining 
made for plates. The very low nitrogen and pho hile the other is operati rhe necessary crane 
phoru contents advantageously influence weldabi! capacit chanve the ve el 45 ton 
ity and impact tests at low temperature These vhich ld to the cost of the building and foun 
teels, which previously were made in electric are lation 


This proce well fitted for production of killed 
teels of any carbon content. In making high carbor Re irdit operati! cost the present somewhat 

oil 
teels the carbon can, as in the open hearth, ea high « t of lini has to be weighed against high 
be caught at the desired level and recarburization in eld and heat econon flexibilit in operation 
the ladle is not necessary. The procedure is usuall) nd eanes the possibility of utilizing cheaper 

to presample at 0.1 to 0.2 pet C above the desired ra material Remaining cost vould be imilar to 
carbon content The right moment for thi test t} ein ¢ | ible proce ( \ complete evalua 
easily estimated from the oxygen consumption tion of avatina onset of course. be necessary 


Production rhe investment « t fe the Kal-Do furnace will 

blowing high phosphorus iron; this corresponds to 

18 tons per hr. The time from tap to tap is conse males . Dg eqinpment can be mace Cone 

yuently 96 min, of which 40 to 45 min ts the effective 

bl wing time. The rest of the time can, of co e, be 
educed considerably in a new plant when using bet 

ter arrangements for charging and testir Blowin 

time for low phosphorus iron will, however, be be Summary 

low 30 min, judging from about 20 heats that have 

been made; the time for slag-offs and testing 1 ( The Kal-Do 3 ce has been developed to convert 

le high-pl phoru on into steel of open-hearth qual 
The followt figure for two size furnace ! ty u high 3 i! en. However, due to some 

nev erected | nt ising low phosphs or cn ict lic feature ich as high yield and out 

ill also be eco 


2 /bs 
2 260 = 


76 
64 


16 


lime 
Ore 


50 


| 250 | femp 
Jeo 
3.20) | +1600 
240° 
060}. 20 +/$00 
| 200; %S | 
1004 160} | +400 
| 
020+. 0.80} 1/300 


5 2 30min 

530, 235 203004 
$2 


145 


(ft /t hot met 535 4 


tar 147 


The high phosphorus 
iron encountered at the Domnarvet plant in Sweden. It re 
sults in a steel of low S, P, and N content. Thus far, mostly 


Kal Do process applied to a typical 


rimmed steels, especially suitable for deep drawing and 


wire drawing, have been produced 


onomic aspects 


iron. Of great 


JULY 1957, JOURNAL OF METALS 975 


| 
— 
bie 
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2 
oe 
| 
nomical in the use of low-phosphorus 
ett 20 ‘) nee hie if nia ‘ amoun ol ore 
Ch time 
if ! mate alow tead of Crap and 
t the proce cun ed {fo all tvwe of blast 
I et t ‘ “7 fur? Cu i ron im making all peciheatior of 
it t ‘ 75001 2 
high or low le carbon steel 


rc Melting 


of Reactive Metals 


Condensed from an article 


by J. L. Ham and C. B. Sibley 


either the 


()' the ious methods devised for melting and Large water-cooled copper furnaces of 


tals, are melting in a water cold mold or skull type are usually designed for re- 


cooled copper pipe ha indoubtedly contributed mote control operation behind barriers. There is con- 
much to recent advancements. In the cold mold me iderable interest in the use of permanent electrode 
thod trip of metal continuously formed in a kull furnace for casting homogeneous electrode 
tube contour the charge, then are melted unde: for vacuum remelting prior to shape casting. To ob- 
boshi n a water-cooled mold tain sound castings from an argon atmosphere furn 
The cold mold are proce is extremely versatile ace if often necessary to vacuum anneal the 
nd can handle almost an metal or alloy, regard charge or pump down one or more time to remove 
le ofits melti point or degree of reactivity hydrogen. To avoid glow discharge, power must be 


hut off at about 30 mm during pump down 


Cold mold furnace design Among the most advanced types of skull furn- 


ky how ae of a permanent electrode ace ure those operated by the U S oft 
cold mold are furnace. Fig. 2 shows two consun Mines in Albany, Ore. These are water-cooled cop 
thie electrode cold mold furnac with different per consumable electrode furnace one bottom 
drive mechania selection of drive depends ot pour and one tilt pour These were never known 
— as ind type of electrode. Various electrode to operate successfully in vacuum, A _ pressure of 
for clertrade tur proved most effective. As reported, the chlo 
sad re illustrated in Fi rice water, or hydrogen content of the melting 


tock was too high compared to pumping capacity 


to permit operation in vacuum below the glow di 


Skull furnaces 


charge region. It is reported that castings of very 


nultaneou vith the evolution of cold mold are impre ive ize oundne and surface q ialitv have 

Furnace furnace vere introduced and tested been produced in these furnace (see p. 971 Ed.) 
NRC, Rem Cru, and othe Phe term skull 
fie that a liquid pool of the metal is contained in a . 

lid skull of the ame metal. This is maintained b Skull furnace design 
control of relative rates of power input to the liquid Fig. 4 shows a drawing of a production-type skull 
mad heat te through the kull. The kull furnace furnace at the NRC laboratory 
has come to be associated with furnaces from which Air lock valve on the feeder and mold drive 
the el ‘ | ired through the bottom or by tilt mechanisn permit the furnace of Fig. 4 to be used 
! Kull furnace mii be either the permanent or for many heats without cooling the kull or opening 
consumable electrode type since the charge to be the main tank. The electrode drive mechanism 1 
poured itl molten at one time illo homoveneity cle ned rapid withdrawl, to minimize 
lene not depend on the electrode homovgeneit or of the heat before pouring 


Inert atmosphere vs vacuum 


In general, vacuum melting is to be preferred 


meiting ince it 


}) tL HAM and C B SIBLEY ore Research Associate and Furnace Whether a given alloy component A equire 
Section Manager, respectively, in National Research Corp. (NRC argon to prevent exc ive vaporization depends on 
and its subsidiary, NRC Equipment Corp. Paper presented at AIME its vapor pre ire. the meltir point of the all ‘ 
Regional Reactive Metals Conference, Buffalo, March 1956 base metal. and the compound formir tendene 
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on the precision of any alloy metering device. There 
ired, even u i e furnace Anothe advantage of | 
kul furnace i that the can be ised to make . 
over argo) ts hydrogen re- 
cau 
moval and ir tion bv carbor 


Fig. 1—Permanent electrode cold mold arc furnace with a 
syntron feeder. Other types use a long belt type feeder 


Fig. 2—Two types of consumable electrode cold mold fur 
nace, with different drive mechanisms. Selection generally 
depends on type of electrode and available head room 


Titanium containing 4 to 8 pet of comparatively tungsten or graphite electrodes this is apparent from 
volatile metal uch aluminum or manganese the attendant increase in electrode brightne and 
be vacuum melted. Only a few tenths of a per rate of erosion 

metal uch as iron, cobalt, o1 ickel, and A large. efficiently cooled coppet electrode ab 

ically no aluminum, manganese, or chromium orbed 65 pet of the total power, This is to be ex 

can be retained in molybdenum in vacuum are melt pected, since the voltage drop at the electrode sur 
ing. However, titanium, vanadium, zirconium, col face increases as the temperature of the surface de 
imbium, tantalum, and tungsten can be retained in reuse and since litthe power is transmitted from 
molybdenum with little or no lo vacuum melt trode to bath by thermal radiation, Losse 
ing, and without interfering with carbon deoxida through tungsten electrodes ranged from 5 to 20 
tion pet in the pressure range 200 mim of argon 
Even when argon must be employed in order to depending on current, electrode size, are length, et 
use permanent electrodes or to prevent vaporiza Good power partition is very important in pet 
tion of some volatile, it is highly desirable to eva manent electrode melting in order to get the great 
cuate the furnace prior to admission of argon the est possible bath volume without excessive ¢ lectrode 
furnace walls become coated with manganese chlo erosion, Indust permanent electrode furnace 
ride or other hygroscopic material a good idea usually use di irrent with electrode negative 


to heat the walls with steam or hot w well and 200 » 4 argon roan argon-helmum 


Power partition and melting efficiency lesen! Titanium Metals Corp. in 1952 


in permanent electrode melting established the proportionality of electrode powss 
lo to current ri iven pressure and revealed a 
Although most types of permanent ¢ r definite increa melting efficiency with decrea 
work best in the rans of 200 to 760 mm, at ! ing are ng Tungsten electrode were found to 
one furnace on the market is claimed to be I permit better melting efficien than graphite 
able in vacuum. Using an efficiently cooled la ; data for a lb permanent electrode skull 
diameter cathodic molybdenum or ri how a sli but consistent increase in melt 
trode and a magnetic stirring coil to limi the ing flicien F | ! increased from 50 to 
IS po ible to provide enough wer i thie im yu j also i considerable 
Intain a allow pool in vi ! How mii cv ! lb at i i pre ire (250 mm) 
combination of a cold electrode and low : refor althous ariath in voltage, current 
ry inefficient partiti ) length at to heat have a considerable 
de and bath. / | ire ¢ fy fy y can be obtained at 250 mm 
low discharge 1 on a large lan } le rang 200 Al ‘rosion 1 


proportion power got into tne 
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Table | Cold Mold Consumable Electrode Arc Melting’ Table Il. Theoretical Melting Energies 


Ratio of Melt 


trade Theoretical ing Pt, OK 
(te Mold Metal Melting Pt, Kw-Hr per Lb te Atomic Wt 
section. Diam Kw 
Metal sq tn In Amp Volts Pressure, Mm per ib 9 
197 42 
7 254 
) 74 y 
67 
i 
face and bath irface respon ible for thi 
havior. Considerable rectification, which must re¢ 
ilt fron ich a temperature difference, wa indi- 
cated by illoscope pattern yibtained during the 
melting of ‘cnaieaien im with ac by Climax Molyb 


Pressure, bath volume, and superheat in denum Co 
| ) ts data intende 


! juetion of ingots from pure metal parti ing rate regardl of pre ire or polarit It re 
ne betwee t} nd electrode of ent belreved that nee pre flect meitir 
cf ! if cl a if ite t must also iffect t ith volume ipo neat 
! be ed When de ised, especiall im at All of the power, exce pt a portior of that diated 
rie i ‘ ble tol e the electrode me from the electrode and the 1 iid bath, event i 
tive ‘ ‘ te e cathode pot ma ets into the bath and must contribute to eithe 
‘ eld t ‘ | rit through the best de bath volume or iperheat. The amount cont ibuted 
eal ¢ | ! hye ‘ f t ; ‘ | not onl to each will depend to some extent on the partition 
‘ } ere bit otiute thie ( tself of powel between electrode and bath which de 
! 1} ‘ ot thy ’ bab 1 of mold burt pend markedly on pre ure The cathode to anode 
h ri calle ed, or the melt 1 melt ratio increase to a maximun mi i 
ter ‘ tition pre ire decrease then falls off due t ad 
i t afl inne charge 
eat and eneit For the ame power partition betweet electrode 
he ol Vi eport represent al ind bath i omewhat better of bath olurne 
t the ‘ ‘ fa titative information or to kw-hi hould be obtained on vacuum meltit 
bath | ‘ ‘ it. bath volume below 1 mm ince 30 mm or more ot argo! iff 
‘ ‘ ‘ ‘ ‘ thie low ment to cause con iderable lo bv thermal conduc 
} ‘ fe traivht everse pr tion and convection in addition to! idiation 
WI mw. pre ire had ttle « no ef NRC data on kw-hr per Ib for cor imable ele 
leat el ‘ 1} inne pre trode meitin oft titanium madicate ewl ! 
cul t be bed f thre i} conduction or cor higher proportion of powe! bath in i im melt 
ect thie the ible wa ir than in argon meltin In consumable electrode 
‘ feat eithe itir ate kull furnace the pow? to the bath contribute 
it we ad be more to superheat than to melting. as this heat must 
} ‘ ‘ elect le diffuse to the bottom of the bath to cause 
batt est the ti Therefore, it seen probable that the ceuul rrie 
! } ‘ ‘ directiolr thod } iperiol iking castit both the 
{ tentative iwvested that the tandpoints of soundne hydrogen content—and 
Litlerence te ‘ ture between electrode i mold filling uperheat 


Fig 3 Electrode forming meth 

ds tor consumable electrode 

are turnaces Lett, electrodes 
are formed m a cold mold 
center, electrodes are welded 
trom pellets of powder, and at 
right the electrode ws welded 


from short pieces held m a r. 


magaz me 
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Comparison of actual and theoretical 
energy per pound for the melting of 
various metals 


In cold m 
the ene 


consumable electrode arc melting 
required per pound of metal melted de- 
pends on the heat of fusion and the average specific 
heat from room temperature to perhay 100 C above 
the melting point. The portion of the are energy 
going directly into the bath increases the bath vol- 
ime existing at any one time, but it cannot con- 
tribute to melting except as thermal radiation from 
the bath to electrode may contribute. Similarly, the 
rate of heat lo 


from the ingot is important so fat 


us bath volume concerned, but can have little to 
do with the ting rate at a given power level, The 
electrical resistivity of the electrode affects the kw- 
it affects the loss by thermal ra- 
electrode 


hi pel lb insofar a 
diation trom 
Table | give 


tal for 


observed values for ten different 
mold size 


Variou utmo phere and 
pressures, and Table II give 
The values of Table Il were obtained by 
adding the heat of fusion to the heat content of the 


point minus that at 2! te 


approximate theoreti- 


cal value 


olid at the melting 
There is littl 
theoretical KkKw-hr pet Ib, and it 1 


actual and 
apparent that 


correlation between 


uch data are useful only for predicting the powe! 


requirements for melting different metals under a 


viven set of condition Electrode resistance must 
also be taken into account 


Table I], also give 


point to atomic weight and thi 


values for the ratio of melting 
parameter Is a very 
vood index of the theoretical kw-hr per lb required 
from the fact that most 
ame entropy of melting and the 


for melting. This arise 
have the 


ame molat 


metal 
pecilie 
Apparently the 
at the 


more 


heat at elevated temperature 
molar heat content of the liquid 
(minu that at 298 K) 1 


predicted by the combination of 


melting point 


ules than are the specific heat and heat of 
ion by the individual rules. It can also be shown 
t the theoretical kw-hr per mol is proportional to 


melting point 


Defects in cold mold ingots 


Consumable electrode melting can produce sound 


ood surface from most metals and al 
or where a high melting rate 1 

volume ts large enough to cause seri- 

is not tapered off at the end of 

Poor surface can result from too low powe1 
given mold size, or from permitting the are 
cold shut 


med unde! ich conditions may be covered with 


become too long. In vacuum melting, 
ound crust when volatile metals are 
ive amount However, when vol 
metals are not p ent, vacuum melting pro 
moother ingots than argon melting. Surface 
be removed either by machining 
to the urface while the ing 
filled chamber 
hrink and | in contact 


mold onl firectly 


Oppo * the 


in the case ol 
“useous convection 
re, the ra 

Neverthele 

a limit to the ; 


which can 


Fig. 4—Production type skull furnace design. Air lock valves 
permit many heats to be tapped without opening the main 
tank 


Minimum pumping speed for consumable 
electrode vacuum melting 


The following remark and ample calculation 


are idealized in that it is assumed that only one 
hydrogen) 1 


furn 


type of ga (carbon monoxide ot 


evolved by the metal and no pu evolved b 


ace part o the pump speeds calculated are mini 
In the case of molybdenum, evolution of 
from both the 
molybdenum and the furnace parts usually necessi 
tate a about double the calculated 
value. Actual required speed for remelting of titan 


close to the calculated minimum 


mum value 
pause other than carbon monoxice 


pump speed 
ium should be very 
ince only hydrogen is evolved from the metal. [ron 
nickel, and cobalt-base alloys represent intermediate 
cases in which carbon monoxide hydrogen, and 
water all occur in the exit ga 

calcula 


For consumable electrode furnace the 


tion of minimum pumpin peed required to main 
tain a given pre ire or degree of purit Is quite 
imple, once the required data as to melt stock ana 
is and melting rate are known 

For carbon deoxi 


required 


peed li content pore ed 
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Thermodynamics of the Cu-Fe-S System 


At Matte Smelting Temperatures 
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REVIOUS papers in this series on the thermo 
dynamics of copper-smelting system have pre 
ented a survey of the field and an outline of the 
overall program, thermodynamu tudi of iron 
ilicate slay and thermodynamic data for simple 

in the Cu-S system. Since this program wa 
tarted, an excellent summary of the wh field of 
physical chemist of copper smelting was pub 
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urthe » in the study of liquid mattes, and deal 
pecifically w ‘u-Fe-S systen The impor 
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mercial matt In coppet 
portant fourth component. Oxygen wa 
excluded in the work to be described in thi 
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vere made of the equiltl in ise and then the sell wa = 
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f a substantial portion of the phase dia The apparatus of 
it to 1450 From the expe mental i ing HLS: H. mixtu 
eusurement f sulfur activit is other ther liquid-nitrogen 
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Gas—Liquid Matte Equilibria 


Gas—Liquid Matte—Liquid Metal Equilibriag 
2 468 


14 
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0 162 


available ternary diagrams used as a guide, from the tion involved adjustment of temperature and charge 
narrowne of the three-phase region at higher tem composition followed by repeated adjustment 

peratu and from the great temperature sensitiv entrant gas composition and repeated gas analyses to 

various mutual solubilitie Then, when achieve the composition in entrant and exit 

d equilibrium conditions were approached Over 600 gas analyses were made during the 

ampling of the liquids became difficult and even ve campaign All equilibrium points were ap 

impossible, owing to the buildup of solid iron-alloy proached from both directions; that is, by trying en 

bridges an vel liquid phases in the trant gases both richer and leaner in H,S than the 

crucible final equilibrium gas mixture. After all the adjust 

Experimental Results ments were completed, the system was usually op 
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of continuot 1 at temperature. Once the 
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essive equilibrium determinations could be com I were completed satisfactorily durin 


pleted at from 24 to 48-hr intervals. Each equilibra > @) imental campaign For convenience 
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1.175 2 v2 28 68 0.737 0945 
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12 149 4 06 412 1.385 09 26 #1 21.93 0224 
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Cu.S, and FeS a: 
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n error by a constant factor equal 
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true value of 
With ce ati } a and a 

ivatlable long yi ip, the further c: 

lation and a al relatively traightfor 
ard. These calculations are outlined in the subse 
rent paragraphs and are related to the composition 

the liquid-metal side of the miscibility gay 

Recent studi« of the dilute lution of sulfur n 
liquid coppel ndicated that } olutions do not 


deviate greath Raoult o that a re 


ferred to pure liquid copper i andard tate may 
equal to the mol ron Thu takings 
wt pet S for the sulfur solubility a 


Smith"), a mated to be 0.96 at 


h-copper, zero-iror miscibility 
ap. Combining this with p and a already 
valuated at this point, the following equilibriun 


mstant calculated 
2 Cu (liq) S CuS (liq) H 


163 at 1350°C 


available, a was then calculated 
and a along the iscibilit ap. Ih 
the resulting value of a are plotted agai 
Fig 6 Effect of matte composition on sulfur activity at fraction iron in the liquid-metal ph: 
1350°C fraction being referred to 1 mol Cu 
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the equivalent and EE, a a tentative relation of log 
(' = ja log a ative from the actual expe 
I I imental values of log (p pu.) gave a set of S 
| 14] corrections (6 log 7 pu,). These S-corrections were 
: } ntegrated according to Eq. 4 to obtain a set of Cu,S- 
‘ ‘ : ‘ ilues of log a By repetition of th procedure, a 
ve} ck the re mental val 
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aina 
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Fig 7—LEFT: Activities of 
CuS and FeS at 1350°C. Fig 
8—RIGHT. Activities of sulfur 
copper, and iron in matte 
saturated liquid metal at 


1350°C 


The curve of de. vs mol fraction is characterized by 
large positive deviation from ideality, approachin 
the condition of widespread immiscibility. As a mat 
ter of fact, thi ! is very similar to the curve cal 
culated by Chipman" for a,, vs mol fraction in th 
absence of sulfur but at a higher temperature 
(1600 C) 
All the information nece ary to calculate a 

along the miscibility gap at 1350°C ha already been 


presented, including p } a and the value of 
} Since the value of } was already used once 
n establishing a standard state for FeS, it cancel 
out in the overall calculations of a © that the 
actual reference state for a,, is given by the previou 
choice of a 0.93 for the three-phase region af 
ults of the calculations of a,, are plotted 

Here again, the strong positive deviation 

Cu-Fe solution is evident, with 

activity coefficient of iron approaching about 10 

in dilute solutions (ignoring the presence ulfur) 


k 8 also shows how sulfur activity vari 


composition of the matte iturated liquid me 


lowe an activity coeffi 
and it 1 l to note that th 
increast i then decreases mar} 
added liquid copper. However 
ncerease in omewhat questionable 


culated partly from results of othe: 
the Cu-S binar: and partly 
tigation. Cleat 
ation the thermodynami 
liquid-metal solution 
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to the stud 


olutior 
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Micrographic Study of Sulfide Roasting 


The calcines resulting from the partial roasting of closely sized sulfide particles were 
examined by micrographic, X-ray diffraction, and chemical methods. The changes in com 
position of residual sulfide kernels show that the roasting process involves the preferential 
oxidation of metal atoms 


by P. G. Thornhill and L. M. Pidgeon 


LTHOUGH a considerable numbe Kpel init could slide freely on the 30 in. tube, any desired 
mental investigations dealing with the roi number the trays could be retained in the cooling 
of sulfide minerals have been reported in the p chambet yy the manipulation of a horizontal 
the behavior of the single roasting particle doc ort lunges a momentary withdrawal of the four 
appear to have received the attention it perhap vi fy i hot zone 
erve This is understandable in that the natur: Althouvh three heating coil each equipped with 
ulfide counterpart of the lab on h ! ariable external 1 istance, were employed, it wa 
normally used in high temperature . ion uund impossible ivoid a drop of 10° to 15°C be 
is difficult to obtain and prepare I ) tween the temperature at the top tray and that of 
e virtuall impossible to maintain ! mn ! the lower three Consequently only the bottom 
roasting temperature The employment, o1 three tray were used for roasting. Temperature 
other hand, of static aggregations of small parti reading iside the irmnace were made by means of 
In masses gre ugh to permit ev: on of ! a thermocouple inserted down the tray support tube 
austing reaction vy means of thermo lanes ‘ ray vel ind a separate thermocouple, inserted 
analyse itt other complicatio ic] idjacent to the middle heating coil, was connected to 
localized overheati Interin a Micromax temperature control unit 


oli t . 
lid contac Experimental Method ~The sulfide minerals were 


; investigation a compromise obtained in a form as free as possible from panpue 


extreme Wa attempted Close rm i in ulfice and were crushed and 
( rticl ) fie nis 
10 mesh) partic a required particle ive range Ihe 


re isothermall kept inside the furnace duri 


mother, in an at th iti ) iod and, when a steady tempera 


roasting reaction Wa reached the tray were withdra ay 
polished section of the ! pal a ‘ i tra prinkled with from 200 to 500 n 
X-ray and chemical ani in ind the assembly was lowered 


fide kernel In th un ) vithout delay in order to minimize 


ing the mechan! time required to achieve the operating temper 


Roasting Furnace vel ibe furnace used és Sine toned » was then clamped into po 
for roasting the m and the thermocouple inserted down the 

in, jong in whieh | Cure abl lige : ib o the required level, It was found that, wher 
teel tra wel Is] and hj ised. the achieved the 


gth of in 


e within 2 
begun a 
were axially io ) ! ar run wa tarted 


tainle tubin yy meal f which the id d rval f tj the ty 


if 
be lifted fi: from the hot zone and stored it 
chamber at th Ol burnace Since cacti i van ' of the 


retention pl 
P G. THORNHILL is associated with Falconbridge Nickel Mines com tion of the 1 the treated particl 


Ltd, Falconbridge, Ont, Canada L M PIDGEON, Member AIME mov from t! trays to be set aside 
is Head Dept of Metallurgy, University of Toronto, Toronto 

TP 4462D. Manuscript, Feb. 20, 1956 New York Meeting 
February 1956 
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Fig. |-65 to 80 mesh pyrrhotite, oxidized 17 min at 550°C 
X500 Reduced approximately 10 pct for reproduction 


ind at the lowest possible pre ure 
distortion of the friable oxide coating urrounding 
the sulfide kernels. It found that 
ple representing up to six uccessive stages of 

nent, could 


eparatory Witte 


everal sam 


mounted in one plastic cylinder 


when short were arranged spoke 
vise on the bottom of the mold. Each sector could be 

ide to contain a seore or so of 30 to 40 mesh par 
hole The 


the customary succession of emery pape! 


pecimens were then gently taken down 

until 
was estimated that the particles had been centet 

ectioned. Polishing was done on a fairly fast wheel 

covered by a well worn selvyt cloth treated with an 

aqueou lurry of Linde A brand alumina 

used in ‘ to 


Tukon microscope 


the thiekme regular ox! coating 
Actual me 


preliminary scannil 


irement | power was preceded by 

pecimen at low power in 
‘ion in the specimen which 
be representative of the large num 
comprising the specimen. Qualitative 


observations and micrographs were made with a 
tausch & Lomb metallograph 

It was found that, by the use of hydrochloric acid 
at the proper ulfide 


could 


trength and temperature, the 
kernels in partially roasted sulfide particle 
freed of the it oxide coating be 


ny rhe clean residual sulfides were then 


elective leach 
ubjected 


ay diffraction and, in some cases, chemical 


Results of the Investigation 


Simple Sullides Sphalerite particle 
were found to oxidize j wasurable rates over a 
with the 
Since the 


hape ol 


Sphalerite 


vel wide une temperature 


formation ¢ juite uniform oxide coating 


particle iderwent no apparent change in 


dimen treatment, direct measurement of 
oxide thickne and hence of oxidation rate, wa 
possible ind the linearity of the rate thei 
tabulation, as shown tn Table I 
Fach of the rates in Table I wa 
poin ry obtained over periods ranging from 40 
The observed 


permit 
taken from six 


min at 750 to over 200 min at 660 C 
absorption of mounting plastic by the oxide jacket 
indicated a time rewulat por itv of the oxide 
Debye from the residual 
ith those of th aw sphal 


tructural 


Scherret 
ulfict were identici 
erite. and there was no visual evidence of 


change in the kernel The linearity of the roasting 
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in order to avoid, 


rates is a good indication that, under the condition 


employed, the rate of reaction at the ilfide-oxide 
interface is the rate controlling mechanism, and 
through the oxide coat- 


saseous diffusion processes 


ing do not limit the overall reaction rate. Thi 
upported by the relatively low calculated val 
the Pilling and Bedworth ratio 
dence of regular porosity in the oxide 

Unlike sphalerite, both 30 to 40 and 65 to 
80 mesh pyrite grains reacted at measurable rates 
over an extremely limited temperature range. The 
rate of advance of the oxide-sulfide 
temperature of 492°C, for 
estimated to be about 2.3 » per min, while at a fu 
30 to 40 mesh particle 


and the visual ev! 


Pyrite 


interface at a 
furnace example, wa 
nace temperature of 500 C 
were dead roasted within 10 min, indicating a rate 
in exce of 21 » per min. On the assumption of 
black body conditions and that the heat 
the roasting particles is lost mainly by 


generated in 
radiation, 
temperature gradients between the particles and 
their surroundings of 20° and 200°C respectively 
were calculated for the above two rate © that the 
particles roasted at a furnace temperature of 500 
probably approached 700°C by self-heating. Such 
an increase 1 ufficient to bring the pyrite well 
within the range in which it exert ulfur vapor 
pressures of sufficient magnitude to affect markedly 
the reaction rate 

There was no visual evidence of crystallographic 


change in the residual sulfide kernels, and X-ray 


Table |. Roasting of Sphalerite 


Theoretical 
Average 
Particle 

Diam ature, °¢ 


Oxidation 
Temper Kate 
per Min 


powder patterns of the latter were identical with 

those of the original mineral 
Pyrrhotite (Fe,.S) and Troirlite 

suitable for thi 
tendency to ignite in the alr 


(FeS) Pyrite 
did not appear to be type of inves- 
tigation because of it 
atmosphere employed in the furnace. Pyrrhotite, on 
the other hand, roasted at measurable rates over a 
relatively wide temperature While 65 to 80 
mesh particles of this mineral roasted linearly at 
550 °C, the oxidation rate of the 30 to 40 mesh par- 
retarded after the formation of about 160 
in the linear parts of 


range 


ticle Wa 
p of oxide. The oxidation rate 
the rate curves, are given in Table II 

Fig. 1 illustrates the columnar reaction interface 
obtained in partially roasted pyrrhotite grains. Ex 
amination of the partly oxidized polycrystalline pat 
ticles under crossed Nichols revealed that changes it 
orientation of the oxide columns occurred only at in 
talline boundaries which involved changes in 
orientation of the pyrrhotite, 
position that the 
along certain crystallographi 
Seitz, atomic diffusion rate In ani 
are extremely dependent upon the relation betwee 
the crystallographic orientation and the direction in 
which diffusion occurs. This suggests that omic dif 


terery 
confirming the up 
py! rhotite oxidized prefers ntiall 
According to 


metal 


plane 
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Fig. 2—30 to 40 mesh troilite (FeS), oxidized 35 min at 
650°C. X360. Reduced approximately 20 pct for reproduction 


fusion at the reaction zone in solid sulfide is an im 
portant part of the mechanism of this particular 
roasting reaction. Wagner has shown that the 
mobility of cationic species in a sulfide is much 
vreater than that of the anions, so that it might be 
expected that, if diffusion in the sulfide plays a part 
in the roasting reactions, the metal component of 
the sulfide could be oxidized more rapidly than the 
ulfur, leaving a sulfide kernel having a higher sul 
fur to metal ratio than that of the original mineral 
This could, of course, occur only in sulfides which 
can exist over a wide range of composition, and of 
which pyrrhotite is a good example 

In order to test the validity of the above con 
iderations, a series of roasting tests were conducted 
on artificially prepared troilite (FeS). This material 
was made by reacting stoichiometric proportions of 
iron and sulfur powder in an evacuated glass bomb 
The FeS sinter was fused, crushed, and sized to 30 
to 40 mesh. Unlike pyrrhotite, this material wa 
nonmagnetic, and X-ray diffraction determination 
of its lattice constants indicated that they were in 
good agreement with those obtained by Haraldsen 
for FeS. The 30 to 40 mesh particles were roasted 
for periods up to 60 min at 550°, 600°, and 650°C 
Examination of the calcines in polished section indi 
cated that such oxidation as did occur in the 550 
and 600°C specimens was manifested by a thin 
dense layer of hematite on the surface of each par- 
ticle. With temperature increased to 650°C, the coat- 
ings were thicker and contained a magnetite layet 
between the sulfide and hematite in the particle 
roasted for 35 min, a hown in Fig. 2. As can be 
een in Fig. 3, however, a further 25 min treatment 
resulted in no increase in thickne of the dense 
layer, but rather in localized intergrowths of col 
umnar oxide similar to those formed in the roasting 
of pyrrhotite 

The dense nature of the oxide coatings formed on 
the troilite, their evidently strong adhesion to the 
base sulfide, and the double layer of oxide repre 
enting two stages of iron oxidation pre ented an 

‘rall picture remarkably similar to the condition 
which occur in the high temperature oxidation of 
metallic iron. The particles roasted at 650°C were 
leached with dilute hydrochloric acid to remove 
their oxide jackets, after which they were found to 
have become increasingly ferromagnetic with dura- 
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Fig. 3—30 to 40 mesh troilite (FeS), oxidized 60 min at 
650°C. X360. Reduced approximately 20 pct for reproduction 


tion of roasting, indicating that the oxidation had 
indeed resulted in a decrease in Fe:S ratio in the 
ulfide and that it had become pyrrhotite. The extent 
of the initial selectivity of oxidation between the 
iron and sulfur was determined by interpolation of 
the data reported by Haraldsen” relating unit cell 
volumes of the troilite-pyrrhotite series with atomic 
pet sulfur. X-ray measurements in the present case 
were made with iron kel 1.932076 kX, and the 
lattice constants obtained are given in Table III 

The S:Fe ratios indicated in the last column of 
Table III show that the preferential oxidation of the 
iron had virtually ceased after 35 min, so that while 
it is apparent that the processes which occurred 
during this period involved the reaction 


FeS 4+ oxygen Fe,.S 4+ 0.05 Fe,O, 


the reaction which took place during the remainder 
of the 60 min period was essentially 


Fe, 4+ oxygen 0.45 + SO 


Using the calculated densities of the solids involved 
in Eq. 1, a simple calculation similar to those initiated 
by Pilling and Bedworth" shows that the volume of 
the oxide formed is greater than that lost by the sul 
fide by a factor of 2.66. The subsequent process repre- 
ented by Eq. 2, on the other hand, can be shown in 
the ame way to result in a volume of oxide 
amounting to no more than 77 pet of the space 
vacated by the reacted sulfide. The tendency for thi 
ulfide to oxidize with the formation of the columnar 
intergrowths extending into the particle along pre 
ferred crystallographic directions is thus easily ac 
commodated in proce 2, with a possible 23 pet 
porosity in the oxide for the passage of gases to and 
from the reaction interface. Conversely, the high 
degree of net expansion which results from proce 
| frustrates this tendency at the outset, forcing more 
than half of the oxide to grow outwardly from the 
datum line given by the original FeS surface. Under 
these conditions it is likely that the porosity of the 
oxide is nil, and that the mechanism of the reaction 
imilar to that obtaining in the high temperature 
oxidation of metallic iron, i.e., the transfer of elec 
trons and cations through the oxide layer followed 
by their reaction with the oxygen at the outer oxide 


urface 
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Table Il Oxidation of Pyrrhotite 
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\Vverage Oxidation 
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Mech Diam ature, per Min 
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thee cute kin and the depth of 
penetrat of the columnar oxide shown in Fig. 3 
the ‘ formu the latter must have 
‘ ite tirne vreater than that 
thie ite kit ind hence took place by a 
litlerent reaction mechanism. doubtle one which 
ermitted the acce of o en to the ilfide-oxide 
nterface. In this connection it is to be noted that the 
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ct rier fent in the case of the py 
nd, een in Fi 1, the pyrrhotite 
penetrated b oxide column even 
though at i ousted for a shorter period and at a 


which the 


(haleoert Both artificial and natural 
le paurticlh vere rousted in ai for variou 
‘ te ittuure ! it from 420 to 550°C 
| f the resulti caleine revealed that 
ri othe tit troitite, the primas oxidation 

eda dense layet! contact with 

fice Innere ed periods of treatment 

‘ if ive resulted in the owth of porou 
fition product ! i secondary layer with littl 

[ a neve ‘ mn the thickme of the dense outer 
‘ \ ! the cause of tronlite the onset of the 

enaction Wil marked b an increased 

i f ad ot t the particle of the reaction in 

‘ ony ! i change in mechanism. In 

to the tromite cause wil the ap 
i the ! aver durin it 
} vy) ‘ ed the outer layer to break away 
ti ticle 

Phi to 40 mesh natural chaleocite particle 

ted at 492 ( nd leached with dilute acid for 

eleootive emoval of the oxidation product 
ere byectod t i ection anal Debye 

he ‘ ! vou that the ilfide kernels were 

te et ¢ erted to ad erite iftes i 

tre ent that the t nsition to digenite 
! complete ! 19 min. The conversior 
erite mothe pomt of milarit betwee 

e bet lite and chaleoerte ince the cubs 

‘ ‘ Ke | i a defect 
etu vhich | mits cor leruble deviation fron 
thie ‘ of the ortl hombie chalcocite 
¢ tent of tl cle it Vii hown by 
( ‘ ilt in deticrenct of coppe equiva 
ent t the itu Sata temperature of J00 
( ! the digenite 


constant, and 
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5.57 kX unit 


while the cell edge of a specimen of natural digenite 
filmed for comparative purposes was found to be 
those of the roasted chalcocite were 
».52 and 5.49 kX units for the 7 and 19 min calcines, 
respectively. This indicates that the copper had been 
depleted to an extent even greater than that ex- 
hibited by natural digenite (Cu,.S). However, in 
the absence of other data, the calculations of the 
were based on the reactions 


volumetric ratio 


Cu,S + oxygen Cu,.S 0.1 Cu,O [3] 
and 
Cu, + oxygen ~~ 0.9Cu,O + SO [4] 
The volumetric ratio for Eq. 3 is 1.94; that for Eq. 4 
would be 0.79. Subsequent reaction of the Cu,O 
with O, and SO, to form, for example, CuSO, could 
increase the latter ratio to about 3.7, accounting for 
the expansion which was observed in the inner 
layer! 
Complex Sulfides—Chalcopyrite: The 30 to 40 
mesh chalcopyrite particles, treated in air at 550°C 
were found to roast with the formation of large 


gaps, or holes, in the oxidation products. As seen in 


Table I1!. Roasting of 30 to 40 Mesh Particles of FeS at 650°C 


Time Atomic 

No Min kX kX x Pet s* 

i 7 ao Of 00 

1 664 2 2.78 


Fig », the latter did not appear a i continuou 


layer with the regular porosity exhibited by the 


phalerite coatings but, rather, as one or more layet 
of dense appearance enclosing the gaps. The rela 
tive thinness of the outer layers indicates that the 


formation of the gaps took place early in the treat 


ment, and the olid and re ular nature of the oxide 


zrowth which ensued suggests a change in mechan 
m 
Definite phase changes in the 
to parallel the growth of the oxidation product 
The first was a Widmanstaetten transformation 
manifested by the appearance of an isotropic brown 
yellow chalcopy 


ulfide were seen 


ish purple phase with the brassy 
hown in Fig. 4, consolidated 
whence it grew 


ite. The new phase, a 
initially at the oxidation interface 
inwardly, until the entire sulfide kernel was tran 

formed. Continued roasting resulted in the change 
n color of thi 


mauve to pale blue, 


phase from brownish purple through 
after which a econd Widman 
taetten transformation involving another blue, but 
unisotropic, phase occurred 

Debye-Scherrer powder patterns were made from 
ome of the calcine resulting from the 550°C 
roasting series after removal of the oxides by HCl] 
leaching, and the extent to which preferential ox1- 
dation of iron had taken place was determined by 
The change 
ummarized in Table IV 


in Table IV are accurate in 


chemical analysi taking place in the 


ilfide kernels are 
The chemical analyse 
respect to the Cu-Fe relationship, but only approx- 
actual 


mate in absolute value with respect to the 


ilficle ince the original particle were contaml- 


nated with gangue minerals. Measurement with any 
accuracy of the angula pacing for the digenite 


phase wa only possible in the case of the powde! 
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pattern resulting from the 20 min sulfide because of 
the interference of either chalcopyrite or covellite 
lines in the other three patterns. The small unit cell 
dimension of the digenite phase, while due in part 
to the presence in the lattice of iron atoms, Is indi- 
cative of a low metal:sulfur ratio and, consequently, 
of ahigh proportion of lattice vacancies. While there 
that the digenite structure existed 
afely assumed that the 
temperature was no less disordered 


is no guarantee 
as such at 550°C, it can be 
phase at thi 
than the digenite at room temperature, and hence 
provided a medium favorable to diffusion The color 
changes of the digenite phase which were noted 
having taken place with the progress of 
inferred from Table IV to have 
coincided with its depletion in iron 

The mechanism of the chalcopyrite 
550°C appears to be one in which the digenite phase 
plays a key part. Once formed by the initial burning 
urface of the chalcopyrite 
rapid diffusion, in- 


earlier as 
the roast can be 


roast at 


of sulfur and iron at the 
phase permit the 
wardly of copper and outwardly of iron, which 1s 


electivity of oxidation 


particle, thi 


account for the 
indicated in Table IV The 
interfaces advance with continued replacement of 
kernel is converted 


ary t 
digenite-chalcopyrite 
iron by copper until the entire 
to the digenite phase. Since the 
these very much more rapid than that 
of the oxide-sulfide interfaces, likely that 
the resulting hrinkage involved in the 
chalcopyrite 
factor in the formation of the double or multilayered 
olid oxidation products. Thus, just 
found to coin- 


rate of advance of 
interfaces 1 
it appears 
rapid rate of 
digenite conversion is a contributing 
tructure of the 
as the period of this conversion wa 
cide with the formation of the multilayered oxide 
marked by the begin- 
which 


structure, its completion wa 


ning of growth of the innermost oxide laye! 


howed no further tendency to separate from the 


Table 1V. Roasting of 30 to 40 Mesh Chalcopyrite at 550°C 


Sulfide Analysis, Pet 
Time 


Min Cu fe Phases Present in Sulfide 


remainder of the ast. The in- 


layer re- 


ulfide r the 
creasingly protective nature of the inner 
tard 
tent that the 
concentration in the 


the xidation reaction, apparently to the ex- 


copper roasts in preference to the 
ulfur, it kernel decreasing to 
the point at which the digenite begins to transform 


to covellite. The oxide formed in the later stage of 
the roast 1 hown in Fig. 6 

Bornite (Cu.FeS,): A relatively high temperature 
(660 C) wa to effect the 
of 30 to 40 mesh bornite particles at a rate com- 
parable to that obtained 


As in the chalcopyrite Case the roasting wa 


found necessar’ roasting 
in chalcopyrite at 550°C 
chat 
conversion of the bornite to 


51 kX) 


mauve to blue 


rized by the early 


a digenite phase (a changing the pink 


bornite hrough Continued 
in the development of a Widman 
ure opti with that 
chalcopyri roast to attend the con 
to covellite 
apparently conform 
ulting 


roasting 


taetten identical 
hown in the 
version of the digenit phase 


Localized zone fsni 


ing to certain cry 


iInkape 


raphic planes, and re 
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between primary and sec 
between sul- 


in the formation of gaps 
ondary oxide layers, and in some cast 
fide and oxide as shown in Fig. 7 
specimen Table \V 
in the sulfide 


were found to 
occur in all ummarizes the 
changes taking place kernel 

Again, accurate measurement of the digenite lat 
tice constant was possible only in the single phase 
member of the series. The fact that the bornite unit 
cell can approximately accommodate eight digenite 
Debye 
ulfide in accordance 


The chal 
tran 


unit cells gives rise to a broadening of the 


Scherrer lines of the 6-min 
with the relationship shown in Table VI 
mila facility ot 


copyrite roast showed a 


formation in that its unit cell come close to a 


commodating two cells of the digenite phase to 


which it was converted 
Pentlandite (NiFe),S,: Pentlandite wa 
from 30 to 40 me h to 100 to 


roasted in 
particle sizes ranging 
200 mesh and at temperatures ranging 
725°C. At temperatures below 650°C, the oxidation 
was seen to proceed, in it Initial stage in a manne 
similar to that displayed by troilite 
tion of firma, protective oxide shell This proces 
conversion of the sulfide 
which wa 


from 550° to 


with the forma 


was accompanied by the 


to a polycrystalline anisotropic phase 
throughout the roasting 
above 650 C, wa 


ulfide phase The 


retained period the 


lowe! 
converted in turn to two new 


temperatures but which, 


later taupe of 


higher temperature roasts and the 


the lower temperature roasts were marked by the 


hrinkage gaps as in bornite and chal 


formation of 
copyrite 
X-ray diffraction analysis on ulficde 
kernels showed that the first conversion mentioned 
above was from pentlandite to a phase isomorphou 
lattice constants of the py! 


ome of the 


with pyrrhotite. The 
rhotite phase are given in Table VIL Radiation: tron 
kal 1.932076 kX 

Analysis of the oxide shell 
min sample permitted calculation of a me tal balance 
while the oxide 
pentlandite 


obtained in the 67 


which indicated that contained 52 


pet of the 
pet of the 
in reasonably 
thickne of the oxide shells, 7.2 », surrounding the 
190 » particle 

It is apparent from the data in Table VII that the 


analogous to 


iron originally in the only 


total nickel had been oxidized. This wa 
agreement with the average 


good 


mechanism of the pentlandite roast | 
that of troilite ince the conversion of the 


landite to the p rrhotite involve 


pent 


form aril 


the initial preferential oxidation of the metals. Since 


Table V. Roasting of 30 to 40 Mesh Bornite at 660°C 


sulfide Analysis, Pet 


Time 
Min Phases Present in Sulfide 


it is known” that the high nickel form 


rhotite phase hold much more close 
ratio than do 


ometric metal: sulfur 


rhotite the shrinkage in unit cell 


in Table VII) 


ing proportion of nickel aton 


reported 


probably due main increa 
for the 


larger iron atoms in the lattice 


At a temperature of 685 °C. 80 to 100 mesh pent 


landite particle were found to undergo a second 
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72.7 
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Fig. 4-30 to 40 mesh chalcopyrite, oxidized 6 min at 550°C 
X500 Reduced approximately 15 pct for reproduction 


phase change after elimination of the iron by selec- 
tive oxidation. The sulfide kernels of these particle 
roasted 30 min analyzed 67.3 pet Ni and 2.4 pet Fe 
The sulfide phases were identified by X-ray diffrac 
tion to be chiefly NiS, and a phase conforming to 
the data given by Lundqvist” for NiS,, with a rela 
tively small proportion of the pyrrhotite phase. It i 
thus evident that the 
ated during the elective oxidation of the pent 


inward diffusion of nickel, initi 


landite and pyrrhotite pha ‘ continued at the 


higher temperature even after virtual elimination 
of the tron preferential oxidation 


hrinkage of 


resulting in the 


of sulfur at the reaction interface. The 


Table Vi Effect of Bornite Digenite Conversion on Debye Scherrer 


Lines 


Min 
Reast 
6 Min Koast hkl 


Hornite 
Hornite Digenite Digenite 


ulfide kernel which accompanies thi 


eusily account for the « 


observed to have taken place 


pro 
<uggerated gap forma 


which wa 


Discussion 


From the result 
‘ in which the 


tion and crystal 


of the present investigation, the 
ulfide kernel retains the composi 
tructure of the original mineral 
ifter partial roasting appears to be the exception 
rather than the rule. Thus, the sulfide 


curring in partially roasted FeS, Cus, chalcopyrite, 


kernels 
bornite, and pentlandite particles were found to 
have converted, by the preferential oxidation of 
one or more of their components, to sulfide phase 

having defect phalerite and pyrite 
were the only minerals in which 
not detected. (The pyrrhotite used in thi 
mental work probably also falls into the latter cla 

tructure obtained at the 


tructure while 


uch changes were 


experi- 


ince in its case the defect 
itset, although accurate lattice parameter meas- 


urements were not made on the partially roasted 
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Fig. 5—30 to 40 mesh chalcopyrite, oxidized 12 min at 
550°C. X75. Reduced approximately 15 pct for reproduction 


ilfide to determine whether the sulfide kernels had 
uffered further depletion in iron.) Determination 

roasting rates by measurement of the thickness 
of oxide shells wa uccessful only in the case of 
although the columnar 
obtaining in 


phalerite and pyrrhotite 
nature of ilfide-oxide interface 
the pyrrhotite roast rendered accurate measurement 
difficult, if not impossible. Pyrite, the third member 
of thi 
to temperature in its 


vroup, displayed so exaggerated a sensitivity 
roasting reactions that accu- 
rate measurement of roasting rates in air was im- 
possible. On the other hand, kinetic studies on the 
roasting of those sulfide 
understandably complicated by the 
fact that the oxidation takes place according to 
mechanisms which differ from one stage of a roast 
to the next, and the irregular nature of the multi- 
layered oxidation products precluded any but the 
roughest estimation of oxidation rates 

The tendency toward preferential oxidation of 
the metallic components of the low sulfur minerals 
FeS, Cu.S, and pentlandite and of the sulfur in chal- 
copyrite suggests that the oxidation of metal and 


which undergo selective 


oxidation are 


not take place simultaneously even afte! 
the conversion of the sulfide to its equilibrium de- 
Taking the FeS roast as a specific ex- 
ample, it was found that the preliminary stages of 
oxidation had resulted in an overall reduction in the 


Fe:S ratio in the residual sulfide, apparently by dif- 


ilfur doe 


fect structure 


Table Vil. Roasting of 65 to 80 Mesh Pentiandite at 600°C 


sulfide 
Analysis, Pet 
Time 


Min fe ‘ xX Phases Present 


fusion of iron from the center to the surface of the 
kernel. The necessary concentration gradient imphe 
i lower concentration of iron at the oxidation inter- 
face than at the center of the particle and, con- 
versely, a relatively high concentration of sulfur at 
the ace. It is conceivable that the latter can in- 

to the point at which the ulfide ex- 
ulfur pressure to cause localized dis- 


urtace 


ulficient 
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+h broadening 111 
broadening 200 
lisappearing 
i4 broader 220) 
“22 broadening 
the 
2 vl Pentla lite 
7 452 1611 40 Pyrrhotite ty pe 
7 442 5510 605 6.19 Pyrrhotite type 
67 422 22 12 500 1603 6 09 Pyrrhotite type 


Fig. 6—30 to 40 mesh chalcopyrite, oxidized 40 min at 
550°C. X75. Reduced approximately 15 pct for reproduction 


ruption of the oxide film, permitting the ingress of 
oxygen to combine with the sulfur and to begin 
forming a fresh iron oxide film. Growth of the new 
film by ionic and electronic transfer would suffer 
early interruption by again causing a local rise in 
ulfur concentration at its surface of contact with 
the sulfide. The continued repetition of such a proc- 
ess would result in the gas-permeable oxide laye1 
which are observed to have formed during the sec- 
ond stage of the roast, when iron and sulfur oxidize 
ut equal rate 

FeS and Cu.S, chalcopyrite was seen to 
to a phase 


Unlike 
have been converted, early in the roast, 
having a higher metal:sulfur ratio than that of the 
original mineral, indicating that sulfur had initially 
oxidized at a greater rate than had the metals. It 
might be expected, then, that the metal oxide films 
formed initially would suffer more violent disrup- 
tion by the higher ratio of released sulfur than ob- 
tained in the case of the lower sulfides. The visibly 
porous nature of the outer oxide layers formed on 
chalcopyrite indicated that this was indeed the case, 
und it is likely that the shrinkage gaps were, in 
enlarged by distention of the oute! 
oxide layer, Large scale rupture of this layer would 
then be followed by a renewed growth of oxide on 
the exposed sulfide This mechanism is 
upported by the noticeably thinner and, in some 
cast nonexistent, layers of oxide on many of the 
urfaces of the shrinkage gaps occurring in the 
chaleopyrite calcines. In this worth 
noting that both bornite and pentlandite roasted 
with the formation of oxide layers of such apparent 
density, and at such relatively low rates, as to sug- 
vest that much of the oxide growth took place by 
oxide layer. It 

urfaces seen 


many case 


urface 


inne! 
connection, it 1 


ionic migration through a continuou 
eems probable that the bare sulfide 
in some of the shrinkage gaps formed in these min- 
are localized sites of outward sulfur elimina- 

tion by di urface, and metal 
elimination by migration of the cations through the 
ilfide to a region of firm contact with the oxide 
through which they diffuse to the air-oxide 


ociation from the 


aye! 


interface 


Summary 


By micrographic, X-ray diffraction, and chemical 
of exam g partially roasted particles, 

the sulfide minerals investigated 
» display a marked selectivity in oxi- 


method 
the majority 
hown 
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Fig. 7—30 to 40 mesh bornite, oxidized 36 min at 660°C 
X150. Reduced approximately 15 pct for reproduction 


dation between one or more of their contained ele 
observed selectivity of oxidation ha: 
to be drawn respect- 


ments. Thi 
permitted certain conclusion 
ing the mechanisms of the roasting reactions in thei: 
initial stages, and has implied a mechanism whereby 
oxidation continues after it has ceased to be measu! 
ably selective. This same implied reaction mechan 
ism, Le., the growth of oxide films by cationic migra 
tion and their periodic disruption by built-up sul- 
ulfide-oxide interface, may well 
be applicable to the roasting of all sulfides, includ- 
ing sphalerite, which is known to hold rigidly to its 
toichiometric composition, and hence did not un- 
dergo the measurable changes observed in the other 


minerals on roasting 


fur pressure at the 
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Technical Note 


Zone Refining of Bismuth 


Wernick. K. E. Benson. and D. Dorsi 


iritae has been repared by zone refining 


B' MU'TH containing less than 10 ppm of metallic 
mp 


il containing approximate] 1000 ppm By 
! even bisn h ingots of different initial 


t was determined that silver, copper, lead 
tin, nickel, magnesium n, and iron are sepre 
uted. All except i tribution coeflicient 
le than unity. Silver, copper, lead, and tin are not 
detected spectroscopically at the pure end. Nickel | 


concentrated at the | pure end, even though it 


Fig |—Drip melting system for loading boat 


it detected in the original bismuth. Twelve passe 

re all that are required for silvet ad, tin, and 
nickel 

zone refined w first drip 

ximately 0.025 mm Hy 


Table |. Zone Refining Data for Bismuth* 


Distance from Lead End in In + 


blement firiginal ‘ 


Spectro 

tative 


Fig 2--Automatic reciprocating zone refiner 
boat was held at an angle of 3° to the horizontal to 
prevent ma transfer 
The spectroscopic qualitative analytical data for 
oo one zone refined ingot are shown in Table I as an 
Anatyels example of the result A quantitative analysis of 
5 On. thi ame ingot was performed by J. S. Smart, Jr., 
of the American Smelting and Refining Co. Research 
Laboratory These data are also shown in Table I 
Some work on analytical sample preparation in- 
tes that the very slight traces of calcium and 
ilicon reported in the qualitative results are prob- 
ably due to pickup during etching of the analytical 
ample The analytical samples used for the quan- 
titative analysis were not etched. The analytical 
nto a Pyrex tube a how mip Th result how the absence of calcium and silicon, but 
nelting Operation remove econd phase impuriti« how the presence of iron, which may be due to 
uch as oxide After drip-melting, the tube wi ampling. Bismuth intentionally doped With 0.03 pet 
under vacuum at the constriction. It wa Ca and Mg was zone refined, and these two element 
na larger tube, which was evacuated ver vregated 
of 0.025 mm Hg and sealed off. Thi Acknowledgments 
vennently served as a support for th The authors wish to thank W. G. Pfann for his 
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7 se a ane 


Three Divisions The Metallurgical Society of AIME Announces 


Nominations for 1958 Officers 


The Nominating Committee of The 


‘ In The Metallurgical 50 lety of Metallurgical Society of AIME ha 
AIME, the Nominating Committee 


of the three Division Extractive 
Metallurgy, Institute of Metals, and 
Iron and Steel, have submitted the 
names of officers to serve in 1956 
Officers nominated to serve EMD 
in 1958 are chairman (automatic) 
H H Kellogs Colun li Univer ity 
chairman-elect, A. E. Lee, Jr., Amer- 
ican Metal C Ltd ecretary, Rob 
ert W. Shearman, AIME; executive 
committee (1958 to 1961), H. W. St ‘ 
as for a three-year term 
Clair, USBM, and J. N. Anderson The Institute of Metals Division 
Noranda Mines Ltd . 


nomine to the joard are > 
the titute H 
ie Insti Divi Smith. one year: J. B. Austin, two 
he following have been nominates , and J. S. Smart, Jr., three 


announced the nomination of John 
Chipman as Vice President of the 
Society for 1958. The Vice President 
automatically becomes President of 
the Society in 1959 

The Extractive Metallurgy Divi 
ion ha nominated the following 
men to serve on The Metallurgical 
Society Board of Director H 
St. Clair for one year, C. C. Long 
to serve two years, and T. D. Jone 


ind will serve in 1958: chairman 
W. J. Harris, Jattelle Memorial 
Institute i vice chairman, O. T 
Marzk« N ival earch Laboratory 
vice chairman ny A Read Univer 
' linois: and secretary, R. W 
AIME. Those on the ex 
nittee to serve for three 
\ il Birchenall, Jame 
Forrest: earch Center, Princeton 
University; G. A. Roberts, Vanadiun 
Alloy Steel Co and David Swan 
Metals Researcl saboratori Elec- 
tro Metallurgical Co 
The ISD Nominating Committee 
i ibmitted the following list of 
indidate chairman, Karl L. Fet 
I \ chairmen for one yeal 
each, L. R. Berner, H. M. Kraner 
and M. Tenenbaum; executive con 


the Iron and Steel Division 
nomines vill each serve on The 
Metallurgical Society Board for one 
year. They are: K. L. Fettet H. B 
Emerick, and K. C. McCutcheon 
Nominations to The Metallurgical 
Society Nominating Committee fron 
EMD are J.C Kinnear, J! JOHN CHIPMAN 
Long and ‘J D. Jone IMD h: 
nominated R. S. Busk, O.’ head of MIT's Dept. of Metallurgy 
and Robert Maddin to \ ) in 1946. Dr, Chipman has received 
Nominating Committee. Tho wh numerous awards, among them the 
have been chosen to represent IS AIME Hunt Award, the ASM Hows 
on the Nominating Committee are Medal and Sauveut Achievement 
H. B. Emerick, two year VV. W Award, the Clamer Medal of the 
Jones, one year; and T. S. Washburn Franklin Inst., and recognition from 


‘ 


< 


who will be serving the second yea! Italian and wwedish metallurgical 
a two-vear tern ocietie He vas the AIME Howe 
The candidates for Vice Pre ident Memorial lecture! in 1949 
rve three year each 


DI ‘lark. J. F. Elliott. and B. R John Chipman, is Professor of Met 


allurgy at Massachuset I itute of 
Quenea New Names for ISD 


where ia been 


AIME Colorado Section Chip, And IMD Committees 


Florida, Di lipman was born Apr 


° 25. 1897. in Tallah ‘ Hie hold The Iron and Steel Division of 
Plans Rocky Mountain i MS. depre m the State Uni the Metallurgical Societ of AIME 
4 \ ILy if lowa Ph.D from the mnounce i change of nare for one 
Minerals Conference iversity of California in 1926, and of its committe In the future the 
Sponsored by the AIME Colorado a; mm the University of the Converter Steel Committe will bee 
Section e R Mountain Miner SY j hing career began at known as the Acid Converter and 

ill be held in Den } reia School of Technolog Basic Oxygen Steel Committe 

4] and Noy 1957 nhipman wa “associate director In the Institute of Meta 

cheduled is a symposi earch, American Rolling Mill h Metal Physi Commit 
ranium metallur¢ which for three ears bef ! 


ré oimning nj it namie 
ntimued on page 1000 } taff of MIT in 1937 ar iVS] of Metal 
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For President-Elect 


Howard ¢ 


Pyle |} 
\IMI 


dy to coordi 
f bulk fue 
int Colonel u 
he returned home after V-E 
1945 to 1947, as vice 
of Mr. Pyle was in 


t Lieuten 


America 


charge of the bank ol industry 
lout He el i a pre lent of 
Continental Consolidated ¢ p. fre 

1947 to 1950 bef ‘ pent } ‘ n 
flies i on jiting nee! n Leo 
Angels Fy 1951 to 1952 Mr 
Pyle was president and director of 
Jergu Oil Co. A member of the 
Conse ition Committee of Califor 
nia Oil Produces Committe and 


it Allocation Con ittes he erved 
reanization a chairman in 
1942 Mi Pyle ha had 1 in of h 

tech il papers published | other 


technical ocretie 


AIME 


For Vice Presidents and Directors 


Arthur W. Thornton, assistant to the 
ice president-operation National 
Tube Div U. S. Steel Corp Pitt 


ated by The 
AIMEE a 


been 


cal let of 


burgl ha 
Metallur 


LIME Vice Pre dent for one yeat 
The Society of Mining Engines ind 
the of Petroleun ker mear 


nat i ire each repre ented by two incun 
et wr DP dent bent Vice President Currently a 
i W \ Mr. Pyle Past-President of The Metallurgical 
I th Ur t of Society of AIME and Director of 
‘ nm pe AIME, he also served as chairman of 
mad he it the Metals Branch Council during 
Past ! prot onal 1956-1957, taking an active part in 
‘ petroleur the ryanization of the new Society 
the { . t ot Hy effort vere directed toward de 
‘ Cha of veloping and correcting The Metal 
IMI Pret in lurgical Societ Bylaw detecting 
4 ] tl their structural flaw he aided in the 
195 lution of draftu problen Mi 
|’ t el i f Thornton 1 i former chairman of 
t i tt tere ISD and ha erved on the executive 
tor committee of the NOHC and on the 
nad \IME Besseme Committe (also 
f tl society Nomuinatit Committees have 
tio for AIME Pt dent-Elect, Vice President 
| 
la pl ce idditional 1 nination 
| wl et ibstantia final form have been 
j J ‘ forn rm the oon to be 
Iristit If no alternate ite proposed 
el rd f thei tallation 
t M Februa 
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Nominations Are Announced for 1958 AIME Officers 


Three Society Nominating Committees Present Slate for 1958 Institute Officers and Directors 


A W THORNTON 


AIME Converte1 ! 
now the Acid Cony 


en Steel Comn 


J C KINNEAR JR 


the 
ind 
and Basi 


A native of McKee 


Thornton raduated from Lehigh 
Universit n 1931 with a degree in 
etallurgical engineer He 
issociated with the Weirton Steel 
Wi for W \ bye f 
the metallurgical department of Du 
quesne Work U Steel Corp 
Since 1934 he has been with the Na 
tional Tube Div., assuming his pre 
ent post in i954 
John C. Kinnear, Jr. general man 
iver, Nevada Mine Div Kennecott 


Copper Corp MeGill, has been nom 


inated by The Metallurgical Societs 
to serve as AIME Vice President fo 
one ear and as a Director for three 
yeat He is the first President of The 
Metallurgical Societ \ native of 
Nevada Mi Kinneat Vai born in 
MeGill in 1914 and raduated trom 


nona College Claremont, Calif 


obtain a 
at Massachusett Institute 


nologs first joined 


of Tech 
AIME 


where he 


a“ a Student Associate During hi 
ummer vacation he worked for 
Nevada Consolidated Copper Corp 
Mi Kinnear ! iin prote ional a 
ociation has been with Kennecott 
Copper, beginning in the compa 
McGill Smelter: 

Transferring to the Chino Mine 
Diy Hurle N M i! 1939 
Kinnear was present at the blowing 
in of the Hurl melter. He became 

tant iperintendent { the 

melter in 1942. Promoted to a t 


ant to the genera manager 
Kinneat 
1948 and 
Ne 
1949. He assumed hi 
as general manager in 
in AIME both on the Local 
and National level Mr Kinne ir ha 
ved as chairman the 


Section and as chairman of EMD 


returned to 


became tan 


ey oft yvevada 


For Directors 
A. Jones, first Pre 


of Mining Er neers oO 
been nominated t that 


Eimer dent of 
the Society 


AIME, ha 


‘ I W rid W il Il re erved a ( ip 
- tain in the office of Chief Er nee! 
"Ka na A ent to En lar a ail «i ‘ 
7 ment to the Genera staff of Su 4 
preme Commander Eisenhower. In 
7 the early days of the it on, he _— — 
4 
miut- 
. > 
HC PYLE 
| is been nominated 
orve i President-Elect u 
} Mr. Pyle has been 1 nated 
thre oct of Pet 
| cers of AIME, the Society desiz- jai 
nated to nar ite the 1959 President 
of \IMI Phi ociety of Mining 
| 
witl ent on to 
of 


AIME Director 
for three year Manager of South- 
east Missouri Div., St. Joseph Lead 
Co., Mr. Jones is a native of Minne- 
apolis he was born in 1902 
After graduating from the Univer- 
ity of Minnesota School of Mine 
in 1924 with a degree in mining en- 
gineering, he began hi areer with 
the Minnesota State Highway. Fron 
1925-1926 he worked for what 1 
now part of Tennessee Copper Co. in 
Ducktown, Tenn 
Elmer Jone began his long a )- 
ciation with St. Joe in 1926 
assuming his present position he had 
erved the company successively a 
pectul 
general 


society to serve a 


where 


tore 


mine urveyol alety 
mine engineer, and assistant 
mine uperintendent Two of hi 
AIME technical publications have 
dealt with the subject of mine mech- 
anization at St. Jos 


The second Director representing 
the Society of Mining Engineers will 
be the 1958 President of the Society 
At pre time for JOURNA ” Met 
ul the future president of Oc! 

f Mining Engineer AIME 


not been named 


—E A. JONES KANTZER 

Basil P. Kantzer, vice president in 
charge of the Gulf Div., Union Oil 
Co. of California, ha been nominat 
ed by the Society of Petroleum 
Engineers of AIME to serve as AIME 
Director for three years. Mr. Kantzer 
will become President of the So 
ciety of Petroleum Engineer in 
1958 jorn in Salt Lake Cuity, he 
received his B.S. degree in petro 
leum engineering from Stanford 
University in 1934. Mr. Kantzer be 
engineering caree! with 


rapidly, he 


van hi 

Union Oil 
was promoted to division foreman 
at Bakersfield, Calif in 1942, and 
chief production engineer in 1943, be 


Progre ing 


coming manager of the California 
field operations in 1948 Kantze1 
issumed the post of manager of nat 
ural gas and pasoline for the entire 
company in 1950. By 1955 he wa 
for Union Oil 
headquarter 


managing operation 
Gulf with 
Houston He ha erver 
Coast Local Section Chairm: 
AIME 


John P. Hammond, assistant general 
uperintendent, Production Dept 

Amerada Petroleum Corp., has been 
nominated by the Society of Petro 


J.P. HAMMOND HIBBARD, JR 


leum Engineers of AIME AIME 
Director for three year Is now 
President of the Society. A native 
of Oklahoma, Mr. Hammond gradu- 
ated from the University of Tulsa in 
1932, at which time he 
father as an independent oil op 
However, in 1941 he took the 
opportunity to join Amerada, work 
ing for the company in Louisiana 
and New Mexico. In 1943 he wa 
transferred to the Tulsa headquat 
ters as assistant to the 
neer, serving in this capacity until 
1949, when he 
the vice pre ident in charge of pro 
duction. Mr. Hammond assumed hi 
present post in 1951. He has led an 
active professional — life erving 
AIME as chairman, Mid-Continent 
Section, Petroleum Branch Publica 
tions Committee, and was chair 


joined hi 


erator 


chief engi 


became assistant to 


man, Petroleum Branch 


Walter R. Hibbard, Jr... manager of 
alloy studi General Electric Re 
earch Laboratory Schenectady ha 
been nominated by The Metallurg 
cal Society a AIME Director for 
three year He is now serving a 
vice president of The Metallurgical 
Society of AIME, and chairman of 
IMD for 1957 and will be President 
of The Metallurgical Society in 1958 
A native ol Bridgeport Conn Dy 
Hibbard graduated from We 
Universit in 1939 with 
in ph 
doctorat 
from Ya 
thres y the 
reau of Ships, USN 


metallurgy 


a“ al i istant 

ently an adjunct 

professor of metallurgical enginee! 
ing at Rensselaer Polytechnic Insti 
tute Dr. Hibbard joined the staff of 
General Electric Research Labor 
atory in 1951. He received the AIME 
Ro iter W. Raymond Award in 1950 


Incumbent AIME Officers and Direc 
tors as of March 1958: 
The President of AIME for 1958 
be A igsustu B Kinzel 
Pre lent in 195% 
J. Holt 
‘ice Presidents for 1958 will 
R. V. Pierce and J. L. Gillson 
eiety of Mining Engineer ind E 
Babson and L. E. Elkins, Society of 
Petroleum Engineer 
The following will continue to 
erve as AIME Directors for 1958 
A. Fletcher, F. J. Meek, L. Campbell 
F. Strandberg, and Lamar Weaver 


Society of lining Engineer 
Dodson, G. F. Moulton, and T. C 
Frick, Society of Petroleum Engi 
neers; R. B. Capl C. R. Kuzell 
A. W. Thornton, and J. S. Vanick 
The Metallurgical So 


AIME Mining Engineers 
Welcome New Secretary 


Effective July 1, John Cameron 
Fox became Secretary of the Society 
of Mining Engineers of AIME, tak 
ing the position vacated by Arnold 
Buzzalini who resigned to return to 
private industry 

A member of the Institute ince 
1938, the incoming Secretary the 
Society of Mining Enginees well 
member the 
branch the 


acquainted with 
profession in every 
industry, and brings to his new job 
a broad understanding of industry 
operating and economic problem 

graduating from Columbia 
University School of Mine Mr. Fox 


Sines 


has held a variety of jobs in the 
mineral industry which have taken 
him to all parts of the U. S., as well 
is to Latin America and Canada, He 
has been connected with mining op 

coppel 
faupht at 
vorked for 


erving 


eration in pold, lead, zinc 
nickel, and coal Mr. Fox 
his alma mater and also 

everal mining publication 
as editor of Mining Congre Journal 


for five year 


French Metallurgical 
Society Plans Meeting 


The French Metallurgical Society 
Will hold its annual fall meeting in 
Paris from Oct. 7 to 12, 1957. The 
preliminary program containing re 
imes of the papers to be presented 

distributed in July 
interested in attending 
contact M. J. Porn Presi 
Francaise de Metal 
Paris % 
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> 
for 
France 


133 Attend Annual New England Regional Rocky Mountain 


Continued fre 


Conference Held in Boston May 17 and 18 neue a 


ne the 
eteorolk y available 
Uraniul 
For 
neral chal 


Scott. Other 


rH 
an H 
and William 


treasure! 


EJC-ECPD Schedule 

mature y il! ay 
M. Treco, Olin Mathie Engineers Assembly 
Allegheny Ludlum 
Production Vacuum 
d three method 
Hh tall con 
high 


) itt on 


| Assembly 
| cheduled to b held Thursday 
and Frida. Oct. 24 and 25, at th 
Statler Hotel, New York. It 
ird the coordina- 
if of Engineer 
Joint Council and Engineers Council 
for Professional Development. The 
EJC-ECPD joint program committe 
of panel di 


ron meiti proce 
take! rat pet 
the Rufu ) Koppet ( Ine 
pre ond paper, Recent 
abora Developm in ‘ontinuou Cast 


la nterest 
roel vill immune fol 
thei cribed the va = 
iti} le \ rvice 

ve been devel 

a factor ) nm ae velop- 
for continuou 
ment thie community college in 


puide ing © 
is de ker H. Alexander 
I ron ted im exce|! 


Metall 


technological education, the place of 
ngineer in industrial man: 
ana ney 
vraduate educi f 
Concluding the conference 
dinner celebr 


of ECPD 


for produci 
in 
nh puritie 


New Institute Offers 


proce 


we Translations of Russian 
Technological Research 


busine meeting of the 


gland Conference Committe: Pergamon Institute, a nonprofit 


making foundation has recently been 


York. It 


represe! 
Robert Mars} 


la 
195 


KOTE 
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The Eleventh Annual AIME New the geograph poology, f 
} hte onal Conference Na fauna, and the probdien 
hie it the Hotel Statler. tor ol life on Antarctica, afford 
Ml 17-16, 195% The unusually fine ence a real appreciation ¢ 
technical pre 7 with review pa beauty of the ivea and the dail ij man, assisted by R. L a: 
i pe mn metal science and on meta ties encountered t other explorer conference committee chairmen are 
cori ittended | 133 Following the for i] dinner, an Parkinso! progra C L, 
(ha i! W \ Backofer of informal se n on personal finan Barker, arrangements: G. M. Wilfley 
wmhusett Institute of Technol management was conducted. A entertainment Arthu L, Hill 
pened the Conference or Fri motion pieture estment pro finance ind Fred L Smith ecre 
F iv ' (} man of the Metal duced by the New Yorl tock Ex tal Mi J. Paul Harrison is chair 
ence ‘ on Melting and So change Via how! afte) vhich man of the activitse 
difieat is P. J. Clemm, Knol Ha Besse, president of the Boston In the Colorado Sect 
Hesearch Laborat Gene! Stock Exchange poke on Invest Patten 1 chairman 
tric Co. K \. Jackson of Harvard ments, Good and Bad, for the Aver Kuhr vice chairman 
ersity presented theoretical age Man ind answered a host of Mile Jt 
pape on NSolidification§ of Alloy questiolr from the audience on fi 
vus followed | i paper nancial mates 
(; ‘ n Meta } ( M. Adan of The Me 
MIT. The 1 paper of the mort vas 
‘ by J. Walker of General 14, with R 
hiectrie Co vas on of Co.,, presi 
(a? Kieftnement n Casting W. W. Di 
pleasant vit cle thy iwu teow) Cory 
tes on fe colle Welt j 
Phe main event for Friday afte f vacuur 
1 noon was a plant it to the Mea cluded 
jrenment ratory Instrument 
Dept Gaeneral 
Maa Ihe roup wa 
fhomas Paine, manage 
3 tru ent Ra i 
Materia & Met 
te brietod the itor of 
plant tou ! presenting i tall 
le ot met lurgiceal and 
probe mall party vith 
then toured the laboratory a1 
oted to applied pl ( mia 
enctor nstrument ind primary lent revi of the of 
‘ tandard Ir the idjoining plant Tra for An interesting parallel 
thie ty ore hown the manu vas drawn between the or melt 
facture of ti el for instru ne technique ised 
oxy ire mete quantith but at 
After returnit to Bostor the eribed by Dt 
i i} tate Room of the Hotel Statler cribed earher b 
th A. Dudle Bach, president of producit irger q 
New Er ul Metallurgical Corp pure meta ind 
is toastmaster, Brief re A 
, 1 Jr cha in of the Institute held on Saturday afternoon. Office: ee 
f Metals D ind Vice Pre elected to serve for the Twelfth At formed in New Ms purpose | 
tof The Metallu ca society of nual Conference in 1958 were Del to make available to English-speak 
\IMI if W il iti il Trout cl in W A nti t doctor and Ineect 
ates of the Metallurgical Societ Backofen, past-chairmat D. L. Mar from all UN ¢ intr the results of 
peake of the evenir was the tin. vice chairman: J. J. Burke Py mentific, technological, and medical 
Daniel Linehat Wester retat ind J. P. Lynch, treasurer research and development in_ the 
College ‘ o eal Observator The proposed Conference ite for Soviet Union and other countries 
hose topi " Ope f Dee} next ear is Schenectad Sectior the Soviet orbit 
Linehan had accon for 195 include To be established a transiatior 
thre three expeditiot and K \ust fro panel of translator fror 
thy Antarcti 1954 ind | S. Chudy and Ru in and other Slavi inguage 
mye n connectior vitl America W R. Johnson fro Connecticut inte Englisl The Institute vil 
ntributios te the Internationa and R. M. Treco, P. J. Clemn ind charge customers for services on a 
Creopl cu You Fathes Linehan R. Frazi a member it-large cooperative cost nari pla! It al 
: ‘ ed both as a geophysicist and a Contributin i" e@ measure to ‘ pe to encourage the teaching 
hay ir The f t trip i 1954 wa thie cet a + nierence of the Ru an lar i ‘ to sponsor 
acle ectior vith the cout W \ chairmar! ind foster rese ch into the orgar 
ny expedition of the icebreake D E. Trout, vice chairmar om ke zation of scientific information, and 
iti With the aid of excellent co Martin, secreta and Sidney Siegel to publish monograpl! n Er h re 
: ored slide Father Linehan told of treasure Viewing Soviet screntine act t 


AIME 
BOARD OF 
DIRECTORS 


Recent actions taken by the 


Institute Board of Directors 


®& The Engineering Societies Person- 
nel Service was established by the 
Four Founder Societies, and at one 
time part of the cost was under- 
written by these societies. Current 
ly the ESPS is a nonprofit but self- 
upporting corporation. A 1956 defi- 
cit was paid from a modest surplus 
and it is hoped that there will be no 
deficit for 1957. The current employ- 
ment situation is entirely different 
from that when the Service was 
established More than half of the 
employers are willing to pay the 
employment fee, whereas this had 
formerly been borne by the appli- 
cant. It is planned to change the 
contract entered into by a member 
with the ESPS in order to take into 
consideration that in most cases the 
employer will pay the fee This 
change plus publicizing the service 
will be an added service to a larget 
number of AIME members. It was 
also suggested that the ESPS make 
available at some of the 
These sug 


it ervice 
larger Institute meeting 
gestions were approved 
& John C. Calhoun, Jr., chairman of 
the Council of Education of AIME 
was appointed to represent the In- 
titute at the Centennial Convoca- 
tion of the National Education Assn., 
to be held in Philadelphia, July 3 
1957 

®& It was voted that the members of 
the Rossiter W. Raymond Award 
Committee serve as the AIME Noble 
Prize Committe with the chairman 
AIME on the inter- 
Noble Joint Prize 


representing 
Alfred 
Committee 

®& Syracuse University’s request for 
establishment of a student chapter 
and the proposed bylaws, were ap 
proved, with one revision in Article 
2, Section IV of the bylaw 


ocrety 


New Thermophysical 
Properties Research 
Center at Purdue 


Purdue University has announced 
the establishment of a Thermophysi- 
cal Properties Research Center with 


two long-range objective l) to 


erve as a world center for research 


and for the collection, analysi cor 


relation, and dissemination of data 
on thermophysical properti and 
2) to provide unique facilities and 
opportunities for graduate study and 


research in the field 
In thi 


cl and industry are 


project, government agen 


cooperating 


Among those _———— the meeting were, first row, left to right L. A Kidis, D E Krock, and 


Hughes, Wheeling 


eel Corp teubenville 
rows Point; George McMorran, U § Steel Corp 
Steubenville, Ohio, J. M. Stone, U §. Steel Corp 


Ohio, A. J. Sottile, Bethlehem Stee! Co, Spar 


Gary, A.C. Coulson, Wheeling Steel Corp 
Fairfield, Ala, A.C. Flanders, Wheeling Steel 


Corp., Benwood, W. Va_; and George Harry, Jones & Laughlin Steel Corp, Aliquippa, Pa 


Second row, left to right A Thornton 
A. J. Macdonald, Weirton Steel Co 
Stee! Co. Ltd, Hamilton, Ont, Canada, R 


Lorain, Ohio, M. G. Morrison, Youngstown Sheet & Tube Co 
New Castle, Pa, W 


sylvania Engineering Corp 


National Tube Div, US. Steel Corp 
Weirton 


Pittsburgh 
Va, F J. MeMutkin, Dominion Foundries & 


Dierker, National Tube Div, US Steel Corp 


Youngstown, H L. Mcfeaters, Penn 


Mathesius, Koppers Co Inc, Pittsburgh, J. P 


Ely, National Tube Div, US. Steel Corp, McKeesport, Pa; G M. Yocom, Wheeling Steel Corp 


Steubenville, Ohio, and C G. Mason, Republic 


Stee! Corp , Youngstown 


Third row, left to right J. F. O'Brien, US. Steel Corp, Chicago, J A Kirk, Bethlehem Steel 
Co., Sparrows Point, J W. Zubaly, Jones & Laughlin Steel Corp, Aliquippa, Pa, WH C. Dunkk 


Republic Steel Corp yg: R A. Beals 
iv, U.S. Steel Corp 


Cederstrom, National Tube 
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McKeesport, Pa, J |. Hopkins, Bethichem Steel 


Co., Sparrows Point, R. W. Shearman, AIME, New York, Barney Dagan, Kaiser Stee! Corp, Fontana 
Calif, L. J. Rohl, U.S. Steel Corp, Pittsburgh, and J. S$. Gamble, National Tube Div, U § Steel 


Corp, McKeesport, Pa 


Fourth row, left to right A.B. Wilder, National Tube Div 
Best, A. M. Byers Co, Ambridge, Pa; §. J Dougherty, Weirton Steel Co 


Joset Reichmayr, Pennsylvania 


After assembling at the Penn 
Sheraton Hotel, Pittsburgh, on the 
morning of May 15, the members of 
the AIME Converter Steel Commit 
tee went out to the Ambridge Plant 
of the A. M. Byers Co. The chai 
man of the committee thi year 
A. B. Wilder, headed the visit, and 
among the guests were A. W. Thorn 
ton, Past-President of The Metallur 
gical Society of AIME, and R. W 
Shearman, Secretary 

The morning wa 
ing the cupola melting, desulfuriza 
tion, and converter operation The 
guests also observed the production 
of wrought iron by the company 


devoted to tour 


by providing multiple financial sup 
port. Each sponsor contributes ap 
proximately the amount of aid he 
might give an individual graduate 
tudent. At the ame time, he 1} 
participating in and benefiting fron 
a major research program covering 
a broad field of applic ation 

The Thermophysical Propertic 
Research Center was established af 
ter a careful two-year study of gov 


ernment, industry and university 
needs for centific information in 

the field 
The last phase of this study con 
isted of personal discussion vith 
t everal nonprofit 


representatives of 
research foundations, numerous gov 


ernmental research agenci a score 


U. 5. Steel Corp, Pittsburgh, 
Weirton, W Va and 


New Castle, Pa 


Following lunch at 
Country Club the 
afternoon. off 


unique proce 
the Ambridge 
committee held an 
the-record technical meeting 

On arrival at the plant the guest 
heard a few words from their host, 
B. M Syer pre ident who intro 
duced KR. Frame, vice president of 
operation and E P Best chief 
metallurgist 

In the 
meeting, the committee voted to re 


course of the afternoon 


vise its name to reflect the increa 

ing variety of pneumatic steelmak 
Process The new narne j 
AIME Acid Converter and Bas 


Oxygen Steel Committee, see p. 997 


of industrial organization and the 
committees on thermophysical prop 
erti of two national technical 

The program is under the imme 
diate direction of Y. S. Touloukian 
or of mechanical engineering 
been 


profs 
An advisory 
established to serve a 


body of experts and to act as a co 


committer ha 
a consulting 


ordinating group for all research on 
thermophysical properti 
at Purdue Currently, Dr. Toulou 
kian is forming a research staff con 
isting of trained and experienced 


conducted 


personnel physical chemistry 


phys metallurgy, chemical and 
mechanical engineering, and library 


cience 
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Steel Committee Visi 
teel Committee Visits Byers Plant in Ambridge . 
4 
te 


Annual Meeting of CIM in Ottawa New Petroleum Book 


The price of Statistics of Oil and 
Ga Development Vol. II, has been 


Draws Large Attendance raised from $5.00 to $7.50 for mem- 


bers and from $10.00 to $15.00 for 


Following the trend of the time much other freight as well. No 
nm institute meetings, the 59th An dearth of markets for the 2,200,000 nonmembet The old price vert 
ial General Meeting of the Cana hp that will be developed is now listed in the Dece! ber 1956 issue of 
in Institute of Mining and Metal anticipated JOURNAL OF META! 
i heid at the Chateau Laurier Tuesday morning imultaneou with the old Bylaw of AIME which 
mn Ottawa from April 22 to 24, wa technical se ion were held on ge- tipulated that price of AIME pub 
the largest annual meeting yet held ology, industrial minerals, mineral lications appear in the Decembe! 
\ilendance et a new record with are ing, iron and steel metallurgy, issue each yea Howevet at the 
Sha tried md O41 ladu present and ore and coal n ining mechaniza- meeting of the Executive Committee 
Representing AIME were Presi tion In the afternoon there were of the Petroleun Branch on Feb, 25 
dent Grover J. Holt and Secretary also five sessions on coal, geology, 1957, this price increase wa voted 
bKrnest Kirkendall, President Holt petroleum, and natural gas, extrac Approval of this increase wa weees 
bringing reetings to the CIM at the tive metallurgy fatigue of metal: voted by the AIME Executive Con 
Monday welcoming luncheon and pillar mining. Wednesday morn mittee on Apr. 19, 1994 
Phe technical sessions held during ing there were again five eparats 
the meeting were numerous and essions, this time on geology, in- ; 
vell ittended with outstanding dustrial minerals, mineral dressing, Magnetism Conference 
pipe offered. Monday morning metal mining, and mineralogy; and Set for Nov. in Capitol 
i devoted to divisional busine that afternoon the technical program A Conference on Magnetism and 
onferencs nd that afternoon a featured two geological se ion 
yeneral session treated the subject A full social program had been Magnetic Materials is scheduled to 
of the St. Lawrence Seaway to arranged: a reception on Sunday a held Nov 18 to <0 1957 as ue 
Hotel Sheraton-Park Washington 
Vhich a field trip wa cheduled the night pre-luncheon cocktail on 
next du It a parti ularly Monday Tuesday and Wednesday D.( Phe conie ored 
nformative color film of the project for all registrant variety how 
é it nericalh ita 
: hown Monday night also attended by the ciety, the Institute of Radio Engi 
Bt. Lawrence Seawas distaff which wa followed by neers. and the Office of Naval Re 
dancing the annual dance and } 
The history of the effort to make president’s reception on Wednesday: care i 
thy t. Lawrence an economic ave and general Juncheons all three day Program containing abstract of 
transportation poe back to In addition the ladi« took a tour of li papes will Gistributed before 
hen the first attempts were the Parliament buildings, a drive the meeting. 
we vet a canal built at La throush Ottawe. and sise enioved the basic exploration of magnet 
ne. From 1800 to 1848 a 9-ft canal two afternoon tea parties phenomena which have some bear 
tem was completed. By 1901 a 
i4-ft tem had ren cation technical lon 
te the t. Lawrence Seaway Francis R. Joubin, an AIME mem of apparatus and technique which 
hould be completed, after five year ber of Toronto, received the Selwyn make eat of recent advance = 
of construction The principal con G. Blaylock Medal for outstanding magnetism 
eaurriod vill be iron ore york in Canadian exploration geol Further information maj 
t imag and prain eastward, but a ory during the ust five year and tained by writing the local confer 
igh water route from the Atlan particularly for hi ‘direction of the ener chairman I, R 
tic to Great Lake port vill offer discovery and early development of Maxwell, U.S. Naval Urdnanct Lab 
more economu transportation for the Blind River uranium field oratory, Silver Spring, Md 
Prospective exhibitor hould con 


tact Davi S Bender 930 H >t 
N.W., Washington 1, D.C 


UET Grants Used for 


Engineering Research 


Engineering research will go for 
vard on a wide front tI new 
grants made by Engineering Foun 
dation, a department of United En 


vineering Trustees Inc., at :ts annual 
meeting held in New York o1 
16. Appropriations for the 1957-195% 
fiscal vear total $69,000. The vill 


Initiate ol sivance project 


vhich will receive near! $1 000.000 


in industry support. The pro 


Which fund have been illocated 
represent all the important branche 
_ of the profession. The ire being 
aD. carried out in university, gover 
ment, and industrial laboratories all 
over the country indet ponsorship 
of the major engineerin cietic 
Chatting between sessions are, lett to right: J. L. Ramsell, Kerr Addison Gold Mines Alloys of Iron Research is receiv 
Ltd; Alan Scott, M. J. O'Brien Ltd; J M. Cunningham-Dunlop, Nipissing Mines Co ing $5000 to continue it vork of 
Ltd, A E Cave, New Calumet Mines Ltd; and AIME President Grover J. Holt (Continued on page 1005 
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AIME President Grover J. Holt became an “Arkansas Traveler,” an honor conterred 
upon distinguished visitors to the state. Shown left to right: Governor Faubus present 
ing the official certificate to Mr. Holt as AIME Field Secretary Roy O'Brien and Luther 


Branting, Alcoa, look on 


highly iccessful spring tour 
iny tate and Canada 

taken by AIME Presi 

J Holt who visited 
throughout the coun 

dt \IME Secretary 

ind Field Secretary 


as Little Rock, Ark 

27 vhere Governor O 

presented President Holt 

nonorat certificate naming 
1 official Arkans: Traveler 

as Section 

tiv Rock Stone 

ynold Mining 

Alum) 


ving day President Holt 

t of honor at the Tri-State 

Banquet in Miami, Okla 

n i reception in the mezza 
Hotel Miami, President Holt 
the dinner guests on the 

of the iron ore industry fron 
to record breaking 

He also urged 

tu 

ince between 


ind tudent 


Local See 
rin his honor at the 
March 29. Pre 
xt two da In Ne WwW 

h time between 
bad before 

to spend 

du teno 

for the Pacific 
Industry Confer- 
Nevada, San 

ithern California 
the cocktail par 
the Riverside Hotel 


By April 8, he was back east in 
Pittsburgh, his presence honoring 
the National Open Hearth Steel and 
Blast Furnace, Coke Oven, and Raw 
Materials Conferences. Turning west 
ward again, he flew to Portland 
Ore to attend the Pacific North 
vest Regional Conference in_ the 
Multnomah Hotel on April 11. Then 
heading north to visit our Canadian 
neighbor President Holt represent 
ed AIME at CIM 
in Ottawa, April 22 

During the first two weeks in Ma 
Mr. Holt itinerary included stop 


VY, 


annual meeting 


at five local sections. On May 4, he 
was in the Windy City as the Chicago 
Section turned out in full force to 
welcome him. The Montana Section 
held a joint meeting with the Ander 
son-Carlisle Society in the Museum 
Hall, Montana School of Mine on 
May 11. As featured speaker of the 
evening, President Holt discussed the 
iron ore industry, and also gave a 
brief report on the affairs of the In 
titute. On Monday, May 13, Mi 
Holt spoke to the student body at the 
Montana School of Mines on. the 
topic of re earch 

Coeur d'Alene Subsection of the 
Columbia Section was the next port 
of call for the roving AIME Presi 
dent. The meeting in his honor wa 
held in Kellogg, Idaho, on May 14 
One of the highlight 
welcoming dinner for Mr. Holt wa 
the award to Arthur W. Fahren 
wald of the honor “Inland Empire 
Engineer of the Year” for his out 
tanding achievements in the field 
of ore dressing. The next two day 
were spent in Washington where Mr 
Holt made two stops, Spokane and 
Seattle, before winding up his tour 
in San Francisco on May 20. There 
he attended a special President 
Meeting in the Engineer Club, and 
addressed the Section on the “new 
look for AIME 

From San Francisco Mr. Holt 
planned to travel to Billings, Mont 
where he would have attended an 
other AIME meeting on his way cast 
bhe depl ined to tay overnight in 
Seattle, and coming into the city the 


during the 


(Continued on page 1005) 
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President Grover J. Holt, right, was special guest at the luncheon meeting of the 
Chicago Section executive committee on May 4. Section Chairman Michael Tenenbaum, 
left, led the discussion on plans for Chicago's role as AIME host Section during the 
World Metallurgical Congress, Nov. 2-8, 1957. Another topic considered was the IMD 
meeting Nov. 4-7, and the ISD special activity meeting on Nov 5, both slated to be 


held in the Windy City 
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Personnel 


ntinued from page 


earct! Salary 
Location 


Physical Metallurgist 
ippportunity ivailable for 
M.S. v ipprox 

qt equip 


quatit eontrol 


AT? 


CRUCIBLE STEEL COMPANY OF 
AMERICA 


Pott h. Pennsy 
MECHANICAL ENGINEER 


DIRECTOR OF RESEARCH AND 
DEVELOPMENT 


ind correlate operations of testing 
laboratory Salary open Location, 
Ohio. W5028 


Metallurgist, B.S. in metallurgical 
or chemical engineering, for quality 


control metallurgical laboratory 
testing and analysi preparation of 
operation sheets and work order 

hardne and other 
pecial test Salary. $6500 to $9000 
a year. Location, New York metro 


politan area, W5024 


tre rupture 


Project Engineer, mechanical o1 
working 
and three to five year 


metallurgical degree, with 
knowledge 
experience in hot metal forging and 
extrusion and basic working nonhot 
ervice to direct activits of 
eral proce engineer and be re 
ponsible for 
deve loprne nt and execution of meth 


recommendation and 


ind products; design and layout 
f required equipment, and tooling 
for leading eastern manufacturer of 
extrusion product Salary, open 
Location, western New York. W5003 


Foundry Engineer, 2S. in meta! 
lurg or metallurgical engineering 
with experience in high temperature 
illo and thorough knowledge of 
and hell ceramu and permanent 
molding. Will be responsible for de 
prepa! 
controlling quality 


veloping foundry process 
ing specification 
tandard ind recommending pro 
luction method for leading eastern 
tainle 


manufacturer producing 


RESEARCH 
METALLURGIST 


Metallurgist — for 


research in the be 


Physical 
basi 
havior of metals at elevated 
Ph.D. with up 


years research experi 


temperatures 


Company sponsored re 
search program with a lib 
‘ral publication policy. Ex 
cellent experimental facili 


ties. Good 


professional advancement 


pportunity for 


Write or Phone 
W. A. JOHNSON 
Associate Director 
of Research 
Thompson Products, Inc 
23555 Euclid Avenue 
Cleveland 17, Ohio 


teel iron castings for reciprocating 
aircraft engine U. S. citizen. Loca 
tion. western New York. W5002 


Metallurgist, with ferrous and non 
ferrous experience in metallography, 
physical testing, ete for commercial 
Salary. $6000 to 
York 


testing laboratory 
$7000 a year. Location, New 
W4997 


Engineers. a) Physical Metallur- 
gist, B.S M.S., or Ph.D. in metal- 
lurgy, with experience in basic steel 
or nonferrous metals industry, for 
research in development of new 
titanium-base alloys, heat treatment 
evaluation, corrosion control studies 
ind manufacturing processes. Salary 
$5,400 to $10,200 a year. b) Physical 
Chemist or Physical Metallurgist, to 
conduct corrosion research studies 
on titanium and titanium-base al 
loys. Studies will include protective 
coatings as well as effects of compo- 
ition modification and/or urface 
treatments on corrosion character) 
tics of alloys. Background or interest 
in electrowinning or electrorefining 
will also be advantageou Salary 
$6.000 to $10,200 a year. Company 
will pay placement 


Pennsylvania. W4978 


Location 


Associate Professor or Professor, 
to head department of metallurgy 
Will do some teaching as well as in 
dependent and sponsored research 
Salary, open. Location, New York 
metropolitan area. W4741 


Sales Engineer, graduate metallur 
gist, preferably with some exper! 
ence in the mineral processing In 
dustry. Must speak Spanish and be 
free for quite extensive travel. Sal 
place ment 


W4724 


ary, open. Company pa) 
fee. Headquarters, Midwest 


Professorial Chair, metallurgy o1 
physics of metal no administrative 
assignment Salary to start, $15,000 
a year. Available September 1956 
Location, eastern U. S. W4860 


Agglomeration Engineer, for stec! 
plant, graduate mechanical or met 
allurgical engineer, with ten year 
experience in fie Id of agglomeration 
Will coordinate 
flow heet 


preferably iron ore 
design and prepare 
equipment lists, and cost estimate 


(Continued on page 1005) 
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Personnel 
(Continus d on page 1005) 


for agglomerating facilities. Salary, 
to $1000 a month. Location, San 
Francisco. $2894 


Metallurgical Engineer, preferably 
B.S. or M.S., with knowledge of s« 
lective flotation, leaching, and elec 
trolysis, for research, ore testing, 
and process controls. Salary, open 
Location, Idaho. $2845 


Assistant Professor or Instructor, 
to teach physical metallurgy or re 
lated courses in metallurgy depart 
ment of large engineering school 
Nine-month appointment; opportu 
nity for graduate work for person 
nel with instructor’s rank. Location, 
Midwest. W5084 


IMME ATE 
CRUCIBLE STEEL COMPANY OF 
AMERICA 


IPENING 


entral Research Laborator 


Pittsburgh, Penr 


APPLIED RESEARCH PHYSICIST 


Requires advanced degree in phys 


y 


lertake 


TECHNICAL 
SERVICE 
REPRESENTATIVE 


Engineer required by major na 
tional supplier. Interesting and 
diversified work with sales and 
production groups to increase 
acceptance of company products 
Location New York City with 
travel away from headquarters 
averaging up to 40-50% of the 
time, usually trips of short dura 
tion. Prefer graduate engineer 
with sales ability. Opportunity 
to become associated on perma 
nent basis with major corpora 
tion, oldest and largest in its 
field. Liberal benefits. Salary 
$5000-8500, depending on ability 
andexperience. Submitcomplete 
resumé in confidence including 
salary requirements 


to: Box 8-JM AIME 


For additional Engineering 

Societie Personne! Service 

1 iten ee p. 942. Classified | 
advertising also appears on pp 

' 942, 943, 944, 945, 94%, and 1004 ' 


Around the Sections 
(Continued from page 1003) 


airport limousine in which he was 
riding was involved in a 
cident hospitalizing many of the 
passenge! Although his injuries 
forced him to cancel his attendance 
at the Billings meeting, his many 
friends will be glad to hear that he 
has completely recovered from the 
effects of the crash, except for a 
slight scar on his forehead 


eriou 


e The St. Louis Section held a joint 
meeting with the Engineers Club 
of St. Louis on March 28, at which 
time Edward L. Clark spoke on 
Uranium Hunting. Vice president of 
exploration and development for 
Four Corners Uranium Corp., Grand 
Junction, Colo., Dr. Clark presented 
a brief geological review of the ma 
jor uranium areas in the U. S 

The Section’ Annual Dinner 
Dance was held on May 10, at the 
Missouri Athletic Club. Preceded by 
a cocktail party, the affair this year 
honored AIME Vice President Roger 
V. Pierce 


e At the Cleveland Section dinne: 
meeting on May 16 in the Manger 
Hotel, members and guests enjoyed a 
program arranged by the McDowell 
Co. After cocktails and dinner, H. E 
Rowen, general manager of the com 
pany, addressed the group and intro 
duced the featured speaker of the 
evening, T. E. Ban, who discussed 
agglomeration techniques including 
the Dwight-Lloyd sintering system 
Mr. Ban, who ts director of research 
at McDowell, also talked about re 
earch in progress. A sound color 
film, Giants of Industry, on the ore 
handling and proce ing machinery 
manufactured by Wellman con 
cluded the program 
turnout of miner and 
geologists marked the second annual 
uranium symposium of the Uranium 
Section April 5 to 7 in Salt Lake 
City. Among the principal speaker 
were Alan Jones of the AEC in Grand 
Junction, Colo., who reviewed Out 
look For Uranium, and G. T. Harley 
consulting geologist, who discussed 
the economic of Potash the 
Paradox Basin 


eA large 


e The Institute of Metals Division 
of the Pittsburgh Section met on May 
16 at Carnegie Institute of Technol 
OgY where E S Davenport Va 
guest speaker. Assistant to the vice 
president, U. S. Steel Corp., Mr 
Davenport spoke on Some Observa 
tions on the Ferrite-Carbide Aggre 
gates in Alloy Steel 

The Section Na CO-Sponsor with 
the National Hearth Steel 
Committee of an annual golf party 
on June 10, at the South Hills Coun 
try Club, Allegheny County, Pa. In 
addition to playing golf, guests also 
had the opportunit 


the wimming pool 


Open 


to cool off in 


e The AIME, NOHC Western Section 
decided to hold a field trip instead 
of its regular May dinner-meeting 
Members visited the U. S. Lime 
Products Corp. in the Las Vegas, 
Nev., area on May 10, and returned 
home on May 12 


e The Adirondack Section held its 
first meeting of the yvear at Republi 
Steel Corp., Lyon Mt., N. Y., on 
April 27. Members had a choice of 
an underground tour or a_e trip 
through the mill and sintering plant 
In the evening dinner was served 
in the American Legion Home, at 
which time Allan Mogensen gave a 
talk on Work Simplification Pro 
grams. Newly elected Section officer: 
for 1957 are: A. L. Hall, chairman; 
M. Lowry, vice chairman; and C 
Dievendorf, secretary-treasure! 


e The Niagara Frontier Section held 
a joint meeting with the CIM and 
a Canadian field trip on April 3 
Member visited Port Colborne 
Works of International Nickel Co. of 
Canada in the afternoon, Later they 
met for a fellowship hour at the 
Hotel Barclay in Welland, Ont., 
which was followed by dinner. Fea 
tured speaker of the evening wa 
W. J. Cook, assistant work 

ver at Inco’s Port Colborne 

His topic was Nickel Refining 


mana 


Work 


UET Grants 


(Continued from page 1002) 


publi hing devoted to 
important findings on carbon and 
alloy steels and cast iron Thi 
June the ued the fourth 
monograph of a new series, entitled 
Boron, Calcium, Columbium, Tanta 
lum, and Zirconium in tron and 
Steel, which is of much interest to 
the manufacturer 
guided missiles. The new monograph 
of valuable ma 


monograph 


project 


of jet engine and 


contains @ surmmary 
terial on the complex high-tempera 
ture alloys that have been developed 
in the past five or ten year It 1 
these new alloys which are making 
and more efficient power 
they can 


jet engine 
plant po ible because 
withstand higher temperatures than 
ordinary teel Alloy of Iron Re 
earch has been receiving Engineet 
ing Foundation 
mation in 1929. Iti 
ored by AIME 

An allocation of 
the Corrosion Research Council ilso 
an AIME pon ored project which 
completed its first year on Dec, 3] 
1956. One of the oentificeall in 
already revealed by 


upport ince it for 
i project pon 


$4000 goes to 


portant fact y 
the Council's first program is that 
light slows down the rate of corro 
ion in water containing Fur 
thermore if 
light apparently oxide 
film on metal to di \ This re 


exposure to a am 


earch is being done in cooperation 
with the National Bureau of Stand 


ard 


JULY 1957, JOURNAL OF METALS 1005 


‘a 
nia 
researc tivity tate of ter 
rou yster nd nonme+tall« 
magnet materia 
end resume ir mplete ntidence 
Mr J. Martin 
rucible teel Company f America 
P O Box 88 a 
Pittsburgh 3 Pennsylvania ae 
4 
— 


pointed research and development 


consultant for Oregon Metallurgical 


PERSONALS Corp.'s operations in Albany, Or. e. 


Formerly associated with the USBM 


Arthur Tix, nner of the AIME Ro Dr. Poole is currently upervising 
bert W Hf f ‘ Med " in research for the Naval Sureau of 
ttend the nnual Meeting Ordnance 


Eugene G. Grace, chairman of Bet! 

pre lehem Steel Co., has been awarded 

( ! il CGpenera! Univer tv in recognition of hi 44 
cal ervice a8 a university trustee 


Mr: (race Charl k tand Memo 
rial medalist for 1946 Wa named 
president of the Lehigh board of 
tee in 1924 ind served in that 

| 1956, when the board 


capac ty inti 
elected 


him nonoratr chairman 


B. R. Nijhawan ha been appointed 
director of the National Metallurg! 


cal Laboratory, Council of Scientific Walter A. Dean has been promoted 
ind Industrial Research Jamshed toa tant ae velopment metallurg! 1 
pur, India. He was recently elected of 
1 fellow of the National Institute of met! chief metallurgist for Alcoa 
Seiences of India Cleveland works, Dr. Dean will now 
John H. Baisley has become mana be located at the compar i 
quartet! in Pittsburg} He ha peen 


er metal industry ale for the 
Pittsburgh office of Allis-Chalmer 
Industrie Group A graduate of the 


with Alcoa since 1929 when he joined 


the taff of the tesearch Labora 
tor at New Kensington Pa 
Thomas R. Gauthier succeeds Di 
Dean at Cleveland 


University of New Mexico, where 
he received degre in électrical and 
mechanical engineering, Mr. Baisley 


John Cattanach, Jr., ha been ap joined Allis-Chalmer a ale rep K. M Bartlett wa recently elected 


woiriten of ale fey ub ‘ 
~ resentative in 1950 president of Horizons In Cleve 
J ' r Ryerson & Son Inc.. Buf Stewart G. Fletcher, formerly direc land. Prior to joining Horizons a 
fi | t om Ryerson in tor of metallurgy, Latrobe Steel Co executive vice pre ident in 1955, M1 
; Mi ( ttre ‘ issociated Latrobe Pa ha been promoted to Jartlett had been associated with 

C(jenesee ridge Co Rochester pre ident-metallurg \ fre Thompson Product Co Cleveland 
N. ¥ quent lecturer in the field of tool He has been a member of variou 

ind die steels. Dr. Fletcher has twice NACA, Nav and Materials Advi 

John Price Hirth, a student at Car been awarded the Howe Medal bys orv Board committee and wa 
negie Institute of Technology, ha ASM for research = in teel heat founder and first president of the 


Investment Casting Institute 


itment 


Addison Davidson, Jr. was recent Two AIME members were recently 


appointed eastern ile manager for honored by the Steel Founde So 

Koman Smoluchowski, professor of Femeo Inc., Quakertown, Pa. He ha ciety of America at it 5th annual 
pl nd metallurgical engineer been associated with the company meeting, Henry D. Phillips, execu 
! Carnegie Institute of Technol for eipht eal n the capacit of tive vice president Adirondack 
ive serie of ale engineetr Foundri & Steel Inc Watervliet 
lecture mn Ju it the International N. Y.. and retiring chairman of the 
‘ hool on Solid n Va Lewis E. Thelin has been promoted teel ociety technical research 

tial For the pa t five yeal to of techni il ervice committe Wa av irded the Tech 
1) st been ef ined tol Bra Cory Br tol Cont nical & Operatin Gold Medal Thi 
prey in AEC report on E fleet Iie was formerly a tant chief met vas in recognition of his services a 

f Irradiation im Atomic Reactor illurgist for the compar chairman of the committee over a 


five ear period and for activiti 
h have benefited tl country 
ithe industry. During World War 
Ph directed the tee 


Wilfred Stewart has been ay 


pomted tall il unbean 


nthe rey ion of mar pecificatior 


ide nece irv by hortage n raw 
terials. E. E. Hucke, assistant pro 
try n 


1. A. Wallach, former chief metal 
t Manu Coppe Cory 
has jorned Kaiser 


Develo ent Div Oak 


Phil p iddre ed the Society ol 


Techni 


Ht. Gordon Poole, head of the Dept 
f Metallu hey neermn Colo Louis F. Sattele has been transferred 


le hool of Mine has been ay STEWART G FLETCHER fr the Lorain, Ohio, office, Na 
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hip to study metallurgy at the Uni 
ersit tol. Engl 
| rior te ome Sunbear 
M ty ‘ ‘ er rhea cast ct = ot 
‘ Reduction For Ship USN ind wa nstrumental 
ovat co ce retractor 
i the melt smelt 
cal engineering niversity of Micni 
: q in, received the Gustav A. Lilli 
4 qvist Steel Foundry Facts First 
Place Award for his article Higl 
— Amperage Magnaflux Inspection. Mt 
land. Calif Steel Casting cal Re- 


nal Tubs 1\ J. S. Steel Corp 
National Works, McKeesport, Pa., 


he capacity of general superin- 


NECROLOGY 


F. E. Van Voris has become metal oP Name _—= 
lurgical service representative in the 
open hearth section, Electro Metal 
lurgical Co., Cleveland. Prior to hi ores Associate Members 
ippointment M1 Van Voris had r 
been employed for 17 years by Beth 
lehem Steel Co., where he was en 
iged in steel research and open 
hearth operation 


John H. Bassarear has been ap 
pointed mill superintendent at Na 
tional Lead Co.’s MacIntyre Devel 
opment, Tahawus, N. Y. Prior to his MEMBERSHIP 
ippointment, Mr. Bassarear was sin 
ter plant superintendent 


J 
Barker has transferred to the Proposed for Membership 18 Rudict 
York office of Cerro de Pasco wren . of AIME Robert Wo Sonnhalte 
Corp. He was formerly located in La Ml Clarence W. Unger, ¢ 


Student 
Oroyva,. Peru Junior Members 


ADMISSIONS COMMITTEE 

a vice president of Battelle Memo Foley; T. D ones; E. S. Machlin; J. H 

rial Institute, Columbus, Ohio. Prion Scaf; Paul Von Stein; T. B. Winkle 

to his new appointn ent Mi: Slowter The Institute desires to extend tts privi 
0 person to whom it can be of 

oes not desire as members per 

unqualified Institute members 


Wa ecretary and busine manage! 


CHANGE OF STATES 
ire urged to review this list as soon as pos 


sible and immediately to inform the Secre- Associate to Member 


tary's office tf names of people are found I J oO nd, B 
vho are known to be unqualified for AIME 


OBITUARIES memberehip 


Members 


New Yi 
Brighton, Ma Student to Junior 


Howard R. Youngkrantz (Member falph F. Biche, New York 

1935) died on March 27, at the age 

A native of Chicago, he stud ob cago REINSTATEMENT! 
Members 


chemical engineering at Illinoi 

Technology, beginning ; 

ne career with Apex Sme It i. Junior Members 

upon graduation in 1935 ‘ Gullotti, Columbus, Obie 

tant metallurgist he pro KEINSTATEMENT CHANGE OF STATES 
chief metallurgist, finally WwW. luntley t ins Junior to Member 


chief engineer. His pro Ml. Winkler, Morenci, A 


affiliation in lude d the Student to Member 


| coke Pittsburg? 


\merican Foundrymen Society, 

ind ASM . Student to Junior 

Carl Hans Vom Baur (Member 1954) es B r, Pittsbur oy ew Park, Ohio 

lied on May 28 at his home in New 

A pioneer in the development 

ic furnace Mr. Vom Baur 

wuthor of a standard text PROFESSIONAL SERVICES 

lectro-F urnace in the lron 

Industry jorn in New 

York in 1878, he attended Columbia 

University, graduating in 1899 with 


Limited to AIME members, or to companies that have at least one AIME member on 
their staffs. Rates $40 per year per inch 
in electrical engineering 


took pecial course at 


Institute of Technol- ALLOY METAL PRODUCTS, INC H. L. TALBOT 
Polytechnic Institute 
Darmstadt, Germany 
Mr. Von had traction and Refining of e Meta 


Consultants Consulting Metallurgical Engineer 


rical engineer for the ’ 
ate , r ‘ Rockingham Road Davenport, lowa Room 911, 209 Washington St 
ater Supply and prio! Becten 6, Mess 
iltant to the 


Ma 
the gov- MAK STERN DR. £. TSUTSUMI 
Mexico and Consulting Engineer Registered Japanese Patent Attorney & 
hold f t Consulting Engineer 
Of pat- me 
MA 
nts in electric + 


in he had been 
in the manufacture of fur 
1 addition to consulting work 


10 East 40th St New York 16,N.Y Central P.O. Box 1545 Tokyo, Japon 
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to Adolph J. Sche H ew i. 1 
G. Seobie, Falls, Que, Canada 

tendent Robert L. Sy t, Jenkintown, 
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hit Pia 

nd 

Wa e¢ Joh ch < 

Sidne r Kil Jot tow! Pa 

W. Lasiewk Ment Oh 

iV. Lew Pittsburgt 

Howard M. Love, G el t, Mich 

Edwin ¢ Ludwig, 

J de Navarre M J etka, lil 
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COMING EVENTS 


Sept. 8-Oct. 9, Commonwealth Min 


ng and Metallurgical Congress, 
liritish Columbia to Nova Scotia 
Sept. 13, AIME St. Loui ection 
meeting with Amer. 
il on St. Loui Section, Hotel 
York Loui 


Oct. 3-4, AIME, NOHC Southwestern 


Local Section, fall meet np 
rock Hotel, Houston 


sham 


et. 6 10, Klectrochemu il Sox Stat 
Hotel suffalo 


Oct. 7-12, Societe Francaise de Metal 


10-11, Joint olid Fuel Confer 
ence, ASME-AIME Coal Div., Cha 
teau Frontenac, Quebec 

Eastern Local 
technical 
Phila 


et. 11, AIME, 
Lith annual 


meeting Sheraton Hotel 


delphia 


NOHC 


imnual meet 


mouthern 


LIME 


18-19, 
Ohio Local 
ne, Deshler-Hilton Hotel 


bu 


Colun 


AIME Rocky Moun 


Denver 


Oct. 30-Nov. 1, 
tuin Mineral Conference, 
Nov. 1, AIME Pittsburgh Section and 
NOHC Pittsburgh Section, 12th 
innual Off-the-Record Meeting, 
Penn Sheraton Hotel, Pitt burgh 
Nov. 2-8, Second World Metallurg: 


Chi 


Nov. 3-7 \IME, IMD Fall Meeting 
Morrison Hotel, Chicago 

Nov 5, AIME, Iron and Steel Divi 

Technical Se ion Morri on 

Hotel, Cl ‘ 

Nov. 12, AIME, NOHC Buffalo Local 
ectior mnual meeting Royal 
Connaught Hotel, Hamilton, Ont... 
Canada 

Dec. 4-6, AIME, 15th Electric Fur 


nace Steel Conference, Penn-Shet 


iton Hotel, Pittsburgh 


Keb. 16-20, 1958, AIME Annual Meet 
tatler and Sheraton-~Me Alpin 
York 


Apr. 14-16, AIME fist National 


Open Hearth Steel and Blast Fur 

(iver ind Ra Mate 

ils Conference, Penn-Sheraton 
Hotel, Pitts 

May 5-6, AIMEE. Conference or 

erty of High-Strength Steel 


on Hotel, Pittsburgh 
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The history of Wyman-Gordon's 
contribution to aircraft: progress 
dates from the inception 

of the “flying machine’. 

The jet age is now calling 

on the unparalleled resources 

of Wyman-Gordon, which include 
the widest range of hammer and 
press equipment and the greatest 
technical know-how in the industry. 
Larger and more intricate 

forgings than heretofore available of 
aluminum and magnesium are being 
produced on presses up to 50,000 ton 
capacity, and giant hammers are 
fulfilling the growing need for 
forgings of titanium, high density 
materials or so-called super alloys. 
Now, as for nearly 75 years, 

there is no substitute for 
Wyman-Gordon experience and ability 


for — Keeping Ahead of Progress. 


The crankshaft is the backbone of the piston- 
type engine. Illustrated above is the crankshaft 
forging for the most powerful piston-type air- 
craft engine ever produced. 


~ 


HT 


At the bottom left is a turbine disc forging made 
from high density heat resisting alloy, and 
next to i is a titanium compressor wheel 
forging for two of the most powerful jet engines 
yet produced, 


WYMAN-GORDON COMPANY 


Established 1883 


FORGINGS OF ALUMINUM @© MAGNESIUM @ STEEL @© TITANIUM 
WORCESTER 1, MASSACHUSETTS 
HARVEY, ILLINOIS . DETROIT, MICHIGAN 
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RECARBX 


THE NATURAL CARBON SOURCE 
THAT IS NEVER HARMFUL 
TO HANDLE... 


for furnace charge or recarburization 


you just can't beat non-toxic, natural RECARB-X! 


RECARB-X, a closely controlled product of natural Graphite, is 
made from selectively-mined graphite ore. RECARB-X is never 


harmful to handle or use! 


this high factor of safety, plus its low volatility and 


freedom from harmful or unwanted elements make it the perfect choice 


for use in acid or basic open hearth and electric steel melting processes. 


RECARB-X is a dependable recarburizer over an extremel My 
wide range ... whether it be 2 points or 20 points. Results are always, ; 


uniform and consistent. 


RECARB-X produces no violent 


reaction, and has top resistance to oxidation. 


It dissolves quickly, quietly, and easily in molten steel. 


the aid given by RECARB-X 


in producing steel to close carbon specifications 

more than pays for its cost! 

Packed in strong, 50-lb. sacks. Prompt delivery of all orders. 
The brilliant red bag with the USG seal identifies the genuine 
RECARB-X .. . a product of one of nature's finest lubricants; 


graphite! Write today for Engineering Bulletin No. 11. 
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THE UNITED STATES GRAPHITE COMPANY 


DIVISION OF THE WICKES CORPORATION, SAGINAW MICHIGAN 
GRAPHITAR® © GRAMIX® sinterco parTS © MEXICAN” Grapnite propucts © USG” srusnes 
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